" 1 DINT in expanded PVC pastes The invention relates to a foamable composition containing at least
one polymer selected in particular from the group consisting of polyvinyl chloride, polyvinylidene 5
chloride, polyvinyl butyrate, polyalkyl methacrylate and copolymers thereof, a foam former and/or foam
stabilizer and diisononyl terephthalate as plasticizer. Polyvinyl chloride (PVC) is one of the most
importan\feAiEFPE8Snomic terms. It is used in a wide variety of applic®RONE RLOTEHOGEAE
plasticized PVC as well as 10 unplasticized PVC. Examples of important application sectors are cable
sheathing, floor coverings, wall coverings and also flames for plastics windows. Plasticizers are added
to the PVC in order to increase flexibility. These customary plasticizers include for example phthalic
esters such as di-2-ethylhexyl phthalate (DEHP), diisononyi phthalate (DINP) and diisodecyl phthalate
(DIDP). Ré¥dninaespndad MEGaprries available 15
plasticizersarecyclohexanedicarboxylicesterssuchasdiisononyl cyclohexanecarboxylate (DINCH) for
example. Many PVC articles are typically made to include layers of foam in order that the weight of the
products’diftl tAvierdien trrlaieststenay frareablieed:oypivaidoot thenaivengnateizdseprirenreysadie
user of oduct it r reho d.insulation in the e of floor
coverin?s%](?ﬂ%é;rﬁﬁplggg@gﬁﬁ%ﬁf@g&%eﬁﬁéﬁﬁ %ﬁ@@%ﬁﬁé‘@ﬁfh%ﬁﬁé‘? fmalation in
that the §/perie iy hidtaisastitiaky ayeihanptatanapdricapoiphasstiedypefard RE@mount
of foam fermer Ysetl, B ORIBIRELISIHLY 59@9@@5%%‘%ge&;9%@@gpﬂon recipe includes at
least a proportion of fast-gelling plasticizers (known as fast-gellers) especia ‘y. 2 possible
consequence of this is that the high temperatures cause the PVC to discolour, which is undesirable in
most appigations. -gel ing:t ratures, Th Isg inglude
isononyl%@ggggﬁeicﬁgéﬁiﬁ%vﬁ%%ﬂi%@%o Y §§r% %%ogv%wgsﬁg%ﬁépg ng JE%@R st
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turn to compensate this effect. These measures are cost intensive and make the processﬁ%’g operation
expensiv@VEIf gk oNdibrpveritaReprbelsssifigmas farmiastinroulitidguws oBissis ferpalametded
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viscosity in particular in that a low plastisol viscosity allows er proc ng rates and hence
imprgve@ﬁ@é’@&r%whieg%ﬁﬁﬁ@fmwg@w@@wﬁwi PhiedaiieeiEntr) thidsprorydtiomtiudiReC
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processing. Another requirement is a high storage stability f e PVC plastiso ere are
scardelyRiA§isIgsiRizerdhat BB MRSAREe galivRyiemieraturstarba fosuthatioasignitiiaotigramd

keep thecyisengia AEERRIgsRE! @'Rﬁdﬂ% lf%yeé)gd\fﬁﬁlgfter a 20 storage period of several days. EP 1

505 104 (yescribes a foamable composition containing isononyl benzoate as plasticizer. The use of
isononyl benzoates as plasticizer, however, has the appreciable disadvantage that isononyl benzoates

are very MeiayIe\ A0 IEISI0sRaRpRRA ATIRa 2 DRMERK AhBe BiRReRSIngLARAAlsR Wil inpreasing

storage and service time. This presents appreciable probleéms with applications in interiors in particular

for exanfpliErREREHSTS MBhiA Blse bmessiemaybenpdused hytrstpeaf dredeywerstiviteral
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are also used as fast-gellers, the term fast-geller being use asticizers which provi _
comparatRielf (stdatian i pasriiinalae verrgaipiexampe.gelling and/or a gelling at lower

temperatures.

The quality of foaming depends on many components within the formulation in that the
type of PVC used and the plasticizer play an important part as well as the type and

25 amount of foam former used. Good foaming is known to be achievable when the
formulation recipe includes at least a proporﬁon of fast-gelling plasticizers (known as

fast-gellers) especially.

It is known that as the chain length of the esters increases the dissolving/gelling

30 temperatures and thus the processing temperatures of the plasticized PVC rise. A



" Further prior art plasticizers for use in PVC include alkyl terephthalates. 5 EP 1 808 457 Al describes
the use of dialkyl terephthalates characterized in that the alkyl radicals have a longest carbon chain of
four or more carbon atoms and five carbon atoms per alkyl radical in total. Terephthalic esters having
four to five carbon atoms in the longest carbon chain of the alcohol are said to be very useful as
fast-gellVPRRReP28 PVC. This is also said to be surprising particulafROTEER R HORA0RTe 10
such terephthalic esters were regarded in the prior art as incompatible with PVC. The reference in
question further states that dialkyl terephthalates aré also useful in chemically or mechanically foamed
layers or in compact layers/primers. 15 WO 2009/095126 Al describes mixtures of diisononyl esters of

terephthalic acid and also processes for production thereof. These diisononyl terephthalate mixtures
are chaRReSHYBLBYSCaERARE Rdrisdsdbgidb ohighricrmns faluies isanenyheatialsondirtoisun the

range f1oifidr0 9 24AJEURAANRAU ISR BRLABASHEIZLILIRIE Viro 20duiE R il disqiuantage

of the prior art plasticizers that when used in foamable compasitions, it is frequently the case that the
composiiSH§$SHI {6TRAIGIURS fOARY Rt Rfhiscitsie itanad dieitedeienidiciyamites tHowaeerssary
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and hence an undesirable discoloration of PVC foam. Alternatively,the amount lowing
agerit in{{ReYeiseifofifu RPvse T S¥saueiRrecredtion BREiUIPbte 2antligH tniergaslynatids to the

cost of threasiReERrpIbERN:, aHee dechaiclinroblamiAddisssre Ryshenyention isitherainrethat of

providing foamable compositions which include’ less volatile plasticizers and allow faster 30 processing

at lowerGefpersgiednia sfiectedhaeal prREmIsHEIVESbinERRIrSaBRICTIAkD St rDEopesking a
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butyrate, polyalkyl methacrylate and copoz?rgers thereof, a foam former and/or 5 foam stabilizer and

diisonori/IaerEpRthdRItePaY PIgstRiastsRiEGelv s Arsiage sgrsiady iandhity olantiselsBrg
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preferably in the range from 1.15 to 1.95, even more preferably in the range from 1.25 to 1.85

most préfePSiBNRERGGSHom #tes &4 henee isuHaadie £96anrtaine ebiipsarniacihtdngng as
plasticizgpargiisganonyl terephthalate having the appropriate average degree of branching allows faster
processing in the production of foamed polymer compositions from polyvinyl chloride or polyvinylidene
chloride. It was found that, compared with plasticizers of the prior art, the plasticizers 15 claimed

provide A hisficiomiin heieh RRIBEANEINOVRS I9ASING RARINAPERTL AHEAC, IS RRings RERAGhINg.

As a result, the corresponding pastes are faster to process, since they achieve higher foam heights
withih a ¥R RPUHSE LB MireRAlE i raRipFBES MY aoI FrGass i rARf e rTRRUNSHRT i@ Bhances
the efficiagryseirbgeonarHigTan fhe form gksmase-time yield, or energy efficiency. 20 It was further
found that the paste viscosity of the foamable composition according to the invention is distinctly
higher in some instances, compared with paste viscosities due to prior art plasticizers, but higher
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generalllf/ also means a higher 25 toughness/a higher "expansion resistance™ and hence makes a
R

lower affifiptitigsLsigniisaniicandrkeam dhersansitg o theseistiarlcharewmigvelere mivsregelling

rateof teerfage ablecepiResERN ggg;g,rding to the invention, which is regarded as a disadvantage in
the prior art but here is a distinct advantage. As a result, notwithstanding a significantly lower gelling

rate and also an increased paste viscosity 30 compared with foamable compositions of the prior art,

faster prRpPesg0g iFRASSHRIGLC Bapi@nBINSRHILISHRIPRBAR G R dheRabiRmPrgEdS to be

produced mare cost- effectively and more efficiently. For example, the machines used to apply the

plastisoRAT IR ProtlEHEIP AMRINCOVE REGEORlDT 88 \RIARKEZaid hpwRIAN I Aah isaxasiliean 5 be
run at digigaeti hiaertries ohsnpaskibuatincrrasies,RreRirE iy kﬂéF&?&é%sEb?@rﬂ%‘#ﬁ{héhe

addition%l%rse of viscosity-lowering substances is only necessary to a small extent, if at all with the use

of the diRUHORI SErEshiiacRas Be ARAAIRANGI Relpaving Slaitag@iytranse Bamabiscompositions
can be piegesasdpplesiable problems with applications in interiors in particular for example.

Therefore, isononyl benzoates are frequently used in the prior art as plasticizer
admixtures with customary other plasticizers such as phthalic esters for example.

Isononyl benzoates are also used as fast-gellers, the term fast-geller being used for



" io temperatures and therefore also exhibit a distinctly lower yellowness index (caused by thermal
decomposition), and at the same time any yellowness of the foamed composition due to the blowing
agent (especially azodicarbonamide) and/or its incomplete decomposition ends up causing a lower
yellowness_ index compared with plasticizers of the prior art. 15 It must further be noted that the
diisonon?& %@m%&gof the invention are distinctly less volatile than isdTfehyF5eRAG4E89638d in
foamable compositions of the prior art. This also facilitates the use for applications in interiors, since
the plasticizers of the invention are less volatile andare less prone to escape from the plastic. 20 The
method of determining the average degree of branching of the isononyl groups of the diisononyl
terephthalate is described in what follows. 1H NMR methods or 13C NMR methods can be used to
determirARC e B ICR GO 6 A EHRREH A B EISHSoM PRSI IS IRRAL AlAt FrR Aiemeler
mixture.faseargiintg dhe/presegatiingentienct tepisdrsabiesto determine the average degree of
branching with the aid of 1H NMR spectroscopy in a solution of the diisononyl esters in
deuterochloroform (CDCI3). The spectra are recorded by dissolving 20 mg of substance in 0.6 ml of

CDCI3 (Foripsisingribo yveighéiiZans) and aesging thveolutigadaan MMR tube Mhmsead .
diametef.is 5 nggn %oég%he substance to be studied and the CDCI3 used can first be 6 dried over a
moletulérr%ié@ t&@?@ﬂfb‘?a&? g Cindisdvhiisenhiilaten glemriRaasidipiestbe of
water. Thixynesdasief siatermioagest ofhwavaraicol a8iee OfdiRNERIBB SRR AZEPUS 8B on
comparispn with other methods for the characterization of alcohol moieties, described by way of
exampleaﬁq'\]ﬂfboﬁé/ﬁ%é RSB (Rl EFRRAIMAIORTHFES NARh IR SR KR IGRIRAB rRiSiNS in
measurereandrifiest exaivetiothhpancipie acyrepnamnersially avaitaller N MBpauRMeRsicasikg used

for the NMR-spectroscaopic studies, The present NMR-spectroscopic studies used Avance 500
equipméht %%ﬁj%ﬁ%ﬁ%‘ sﬁyétr‘ﬁ W@‘gﬁ%Qéeo?ﬁe%Pﬁsﬂgﬂmﬁ@rﬁW@ﬂyfﬁﬁ??(ué@iﬁﬁ%@@f&?eof dl =
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(broad band observer) probe head. The resonance signals are recorded in comparison with the
chemical shifts of tetramethyisilane (TMS = 0 ppm) as internal standard. Comparable results are

obtainedwithrefivencemmetaiaiiyaviaittide MBsetispmiNt Y SIoe:PIREaaesL B @PaIadingsBaIAAeters.
The resultant 1H NMR s%% ctra o[ the mixtyres of diispnonyl esters of terephthalic acid have, in the

range fr3ﬁ6&§% LRGN IRRAIRA INRE IBWEEYRBRGH 8YE > R§EREM 0.9 to 1.1 ppm,

resonance signals which in essence are formed by the signals of the hydrogen atoms of the methyl
group(s) 9f-the. i royps. The signals.in the range of chemical shiffs from 3.6 to 4.4 ppm can
ess t.%@%@@%@ﬁ%&%& %@W@&?ggm%‘?ﬁsﬁﬂgé%gﬂwgﬁ%%% gipntdhets tﬁé‘é)x@@‘én of
the alcohmubtiessdsofnl MailciDre testdts.afhagsantfiisoriandetermirinmibe arastunsierdhe
respective resgnance signals, j.e. the area included t% tween the signal and the base line. 25
Commeﬁﬁg@%%gﬁgaléﬁﬁﬁ?éamp?ﬁgm%gwge% ARERaTRY the SgRanytéadiralse whigknt
NMR-spisdtrdseapioggiddymintégmion Tsedcomipundssaianared wsirrkRerdeintegral value of the

signals in the range from 0.5 as far as the minimum of the lowest value in the range from 0.9 to 1.1
ppm is then divided by the integral value of the signals in the range from 3.6 to 4.4 ppm to give an

intemsitylraticavhichetadesatheratigs3@biteeprionket eidvilioees siamaRepserkin mMeHmyhemeup to
the number of hydrogen .atoms present in a methylene group adjacent to an oxygen. Since there are
BRI AR R S e b N =
adjacenhtiginisoxygembezich afithm interfsiies haytosbet dividedbynd sk s85R6CEEPOY IRigHlsT to
obtain the ratio qof the nu %Féer og eth\élrﬁrou s to the 5 number of methylene groups adjacent to an
oxygen, 1 the 1 %Sﬁy%#ﬂ) IR 26 HESA T PR RERE H SRARGT SAIEHh EL oy DS RAYESB0B and

one methyheree groumaekaedie taisoaksyamcontaies PY OraoshingrardrRerigingls musbhavean
average,

egree of branching of 0, the quantity 1 then has to be subtracted from the ratio, The average
degree g?%ré%f%ﬁ%@ 'Qa%?hreer%?oer}j%&@q iﬁﬁl%%qf?gﬁ‘? t%% %%@ﬁ?r%@%%éﬂﬁt?%opﬁ% Aihessance
with the tfoBoyvireg | §oaadden the cost of the recipefformulation.

The technical problem addressed by the invention is therefore that of providing
foamable compositions which include less volatile plasticizers and allow faster

30 processing at lower temperatures.



" B =2/3 *I(CH3)/ROCH2) -1 B here means degree of branching, RCH3) means area integral
essentially attributed to 15 the methyl hydrogen atoms, and I(OCH2) means area integral for the
methylene hydrogen atoms adjacent to the oxygen. The compositions of the invention may contain
polymers selected from polyvinyl chloride (PVC), polyvinylidene chloride (PVDC), polyacrylates,

especial W pOERAERGCZ8 dnethacrylate (PMMA), polyalkyl methacrylate (PARI]/BRAGPOKHEK39
especially polyvinylidene fluoride (PVDF), polytetrafluoroethylene (PTFE), polyvinyl acetate (PVAc),

polyvinyl alcohol (PVA), polyvinyl acetals, especially*polyvinylbutyral (PVB), polystyrene polymers,
especially polystyrene (PS), expandable polystyrene (EPS), acrylonitrile-styrene-acrylate (ASA),
styrene-acrylonitrile (SAN), acrylonitrile-butadiene- 25 styrene (ABS), styrene-maleic anhydride
copolymer (SMA), styrene-methacrylic acid copolymer, polyolefins, especially polyethylene (PE) or

pO'YPrOW!ﬁQeté%ﬁﬁiéQPrﬁ?Q&léﬂi99‘3%'559)5&nﬁl:;g% qg%@gmgﬂyéﬂﬁgégiwhgg%@%é%m ' polymer

polycarbonates, polyethylene terephthalate ( utylene terepht
polyoxyrﬁ@%ﬁyi@ﬁefmMty?%ogrm&gwﬁtmyahm@yb@mma@, poifuvistiidene® Whloride,
thermop@@%iﬁ?lmﬁlwé@]ﬁ%@@}’}ne%@%‘ @%@é@?&@%@ﬂ%%&f,?P&&#ﬁ'%r’?ﬁ"é?‘%% gcid 8

(PLA), polyhydroxybdtyric acid (PHB), polyhydroxyvaleri ( polyester, starch, ce {1686 and
cellufose R aiRRikzespadi s pivorb ieTesb thaticctsyidaitiizer (Rt ediihs e versgte (Edge

celluloseogiaig iy aiet(SABbrdeq Rl BlicRNeR L ISamites ar ganglymets o the palymers

mentioned or of their monomeric units. 5 The compositions of the inventiort preferably include PVC or

homo- oPEBEARIEFS hasEnen BapdntS ropRemersrtafriab)winyihecaaws §lgoidyl Hetpldtd®sglycidyl
methacryiaie, Mefasifalas AR RsRIRleS POBRNAMales Wik aldadisalnoliuanghed o

unbranched alcohols having one to ten carbon atoms attached to the 10 0xygen atom of the eSter
group, sfﬁ?é’hé,—%%rﬁﬂ&nﬂﬁ{e or cyclic olefins. In one preferred embodiment, at least one polymer
presgnt in the foamable composition is selected from the group polyvinyl chloride, polyvinylidene
chloride, polyvinyl butyrate, pollyalkyl methacrylate and copolymers thereof. 15 In one particularly

preferrePEfRBBHIENEN, 'apREio RO BERRIE pRosEANINgrRSiotaakieist orijoshionyiser gphyiaipte
chicride fairg- @leCapphipateadileuRarie: b karelalied rhecingar ﬁs&@xmgr‘ﬁ%ee a
copolymer of vinyl 20 chloride with one or more monomers selected from the group con s{mg of

vinyliderf& tsHide, vinipaireciiolimphrsprRations Fomypaleyiny chisridater methyiratidgae, ethyl
acrylate gi|BHEE agrvlate rliRiamauRh SR tsr&a@&%‘:%t%ﬂHé‘i;!ﬂé@é\*?!%&rﬁgé’rsﬁ!g%’%géloo

preferably in the 25 range from 5 to 120 parts by mass, more preferably in the range

parts by tHASEE pERViEre highaafam beiohindelwihstesdingdnnirssiparasianiboasityprefetably in
the rangp fiiasAterBAdNG. Nmaaes BRY tHEORAES YIRS RIREY e faster to process, since
they achieve higher foam heights within a shorter time, and/or provide overall
processing at lower temperatures. This distinctly enhances the efficiency of the
operation in the form of space-time vield, or energy efficiency.
20
it was further found that the paste viscosity of the foamable composition according to
the invention is distinctly higher in some instances, compared with paste viscosities due
to prior art plasticizers, but higher foaming can be achieved nonetheless. This is
astonishing in as much as a higher paste viscosity generally also means a higher
25 toughness/a higher “expansion resistance” and hence makes a lower ability to expand
more likely. The higher foaming is possibly also attributable to the lower gelling rate of
the foamable composition according to the invention, which is regarded as a
disadvantage in the prior art but here is a distinct advantage. As a result,
notwithstanding a significantly lower gelling rate and also an increased paste viscosity

30 compared with foamable compositions of the prior art, faster processing is possible.



9 additional plasticizers can be higher than, the same as or lower than that of the diisononyl
terephthalates of the invention. The mass ratio of employed additional plasticizers to the employed
diisononyl terephthalates of the invention is particularly between 1:10 and 10:1, preferably between
1:10 and 8:1, more preferably between 1:10 5 and 5:1 and even more preferably between 1:10 and
1:1. AddWSR2GIBERSZE3 are particularly esters of ortho-phthalic acid, of IESpRERRIAGIHEH039
terephthalic acid, of cyclohexanedicarboxylic acid, of trimellitic acid, of citric acid, of benzoic acid, of
isononanoic acid, of 2-ethylhexanoic acid, of octanof acid, of 3,5,5- 10 trimethylhexanoic acid and/or
esters of butanol, pentanol, octanol, 2-ethylhexanol, isononanol, decanol, dodecanol, tridecanol,
glycerol and/or isosorbide and also their derivatives and mixtures. It is further preferable for the
foamable composition of the invention to contain a foam 15 former. This foam former can be a

compourghybichBralasdas bubbiamand waich isomiesainHaed tRogheswithwhatis kngyg.as a

kicker. Kicker refers to catalysts which catalyse the thermal decomposition of the gas bubble evolver

compon&RCHhEaBRE tReR &MHisEMr fPreat By levihingachieans et ocapelydhm abastisols
ComPOSifipthio e deRmerdiRy EIPaBYErHRAer F18E7 @@%Fﬁg&egnﬂ%%@g%épﬂpréQJQlﬂtg)Fgr%:an

foamable 20 composition can be foame g\ép chemically (i.e. by means of a blowing agen

mecRanfe8IKH . S RSHEEoRIgRAT stRs&E, sherstabi ity creasiiadoisshicsviwing Hais sasblés
(blowingrrgeatldistpeetriatiieria %WMHQ-WWEHn@“s%?ﬁ%@é_h‘é%éoi@%fﬁﬁ%%&%gst@tg

gaseous constituents which brin?babout expansion of the composition. 25 The blowing ageénts for
foaming SRRHEXtE Yuifah @ towifoec e RERBIgisanah st RhERiaieRioh thellivealiagipes of known

blowing agents, physical and/or chemical blowing agents including inorganic blowing agents and

organic blowing agents. 10 oxybis(benzenesulphonyl hydrazide), diphenyl sulphone 3,3-disulphonyl
hydrazide, MERRMEBRENR &rifielrbaeideariablaimeRprritioisnirssde rdppesssenidet dawer
trihydrazineipezingadizNdlindiesarcalss e iiisnstalsaming. 1 IEF ORISR HRARING ARMIH,
hydrogencarbonate, sodium_ bicarbonate, mixtures of sodium bicarbonate and citric acid, ammonium

carbonatB e4RithoARFAMBRASHISRAte 2PEtadbilRe hisarn fee diaRbaiHenasssna dito afaraiuene,
hydrazodisasesiantidelidazisphrutyieniiie. Agsivm @zpdisarkosaieand ssandrsytatiargie;l is

particularly preferable for at least one of the blowing agents used to be 10 azodicarbonamide which
reacts td%ﬁ%‘é\@@ﬁ%mg ESHBRHISS UER 53YSHICCHIONR elomieasdbiposiastPrishariiure of
the blowgstioprirsaT P Iprarag by the kicker. Mechanically foamed compositions are also termed
"beaten foam". 15 In principle, the foamable compositions of the invention can be plastisols for
exaHpIe. It is further preferable for the foamable composition to contain a suspension, bulk,

microsuspaRNSIoFuBihembis vl Batt fisedalitiewany Reriprblaiablans PRemidheRY Gidpluners
present in the composition of the invention to be a microsuspension PVC
ess volatile than isononyl benzoates used in foamable compositions of the prior art.
This also facilitates the use for applications in interiors, since the plasticizers of the
invention are less volatile and are less prone to escape from the plastic.
20
The method of determining the average degree of branching of the isononyl groups of

the diisononyl terephthalate is described in what follows.

- "H NMR methods or *C NMR methods can be used to determine the average degree of
25 branching of the isononyl moieties in the terephthalic diester mixture. According to the
present invention, it is preferable to determine the average degree of branching with the
aid of '"H NMR spectroscopy in a solution of the diisononyl esters in deuterochloroform
(CDCls). The spectra are recorded by dissolving 20 mg of substance in 0.6 mi of CDCl,
(comprising 1% by weight of TMS) and charging the solution to an NMR tube whose
3¢ diameter is 5 mm. Both the substance to be studied and the CDCI; used can first be



' 20 or an emulsion PVC. It is very particularly preferable for the foamable composition of the invention
to include an emulsion PVC that has a molecular weight in terms of the K-value (Fikentscher constant)
in the range from 60 to 90 and more preferably in the range from 65 to 85. 25 The foamable
composition can further preferably comprise additives which in particular have been selected from the
group coffS8Rd HPRREEReinforcing agents, pigments, matting agents, heaP SR04, AGRRAMNtS,
UV stabilizers, costabilizers, solvents, viscosity regulators, deaerating agents, flame retardants,
adhesion promoters and processing aids or processﬁaids (e.g. lubricants). 11 One of the functions of
thermal stabilizers is to neutralize hydrochloric acid eliminated during and/or after the processing of the
PVC, and to inhibit thermal degradation of the polymer. Thermal stabilizers which can be used are any
of the cURHSEAQYEEGYRRIESHRIDEYS in PElTEtieiyds any enmeniaipvaurabiieess eddiie or
liquid form fessixarudeibess Rased on Ca/Zn, Ba/Zn, Pb, Sn or organic compounds (OBSs), and
also acid-binding phyllosilicates such as hydrotalcite. The mixtures of the invention may contain from
0.5 to 10, preferably from 1 to 5 and more preferably from 1.5 to 4 parts by mass of thermal stabilizers

per 100 pagshutoass: efdrehmestide & s ikeyisejRossi &tef%%iwﬁ?é LR KPR Ggcpstabilizers

having a plasticizing effect, more particularly epoxidized vegetable oils. Tt is very parlicularly preferable

to use eﬁB%?@ﬁqm%%%ﬂ%rr@Bmgﬁé%r By L BTG RERRIN S bRdcgERb rANEYEBsBEREEMAL prevent
the free-rydinsy deasataprniefib RRIORSEBY NGRS GaKseERY-PRRIIRNE rRdiation fof, sxaiple in a

specific manner by for example forming stable complexes with the free radicals formed. Particular

candidaf@456t HLI0Si6HAMES SsReHF ARt e b AvsdativRolinPss Fiale s sERRS roiadyically
hinderedaphgsisle. NiAESBhiiasEY ahagsberscdt ase NW%MM@%Q&QGBMW&?@P&,M

hydroxymglbenzotriazo[es and/or aromatic amines. Suitable 20 antioxidants for use in the
i ”

compos SPERITARRNRIGS SR tPEe R MBRAS GOS @AM RN HEOM AHakebKTH e\ eRATE Warating”

(editor: RecdpiessmantehpdenkeSansotrwidpiseydblS) 3P88)- Fhe.apHioxidenteantery of e
foamabl mlﬁéfan%‘ the invention is more particularly not more than 10 parts by mass, preferably not
S

more thail H@8CAGussedBeh ORGSR ran S S BYmm (Rres@haiste preferably
25 betwepRéheaorbiRARSY MAsEdRBhAABNSIIN A% BrastebRRMTIERMARGANIRTFINorganic

pigments,can be u efql as{pi%r%ents for the puq_rﬁ‘oﬂses of the present invention. The pigment content is
more paPtiEHAR FETRCh FHAME WY Blanedy) Mass (hrervaah/iten 2 dandeshyGaayeasabieven more

preferablydlltdai ptsihyBRIhashaesHAMBASRY-NaEDhE RMESIUBRERIESIAL PN
pigments are T102, 12 CdS, CoO/AI203, Cr203. Examples of known organic pigments are azo dyes,

phtialo SRHARS SRERL EISxd AR Fighiasties  AMBreBRrikepidhese tirae pigtHieprenyis also

possibledsteisectiieritignaapadased ONmisa g HRsHOSPRARE dIReXa MRS HIFASMhe
regulators c(%% §‘ffﬁg%atﬁ}not only a general lowering in paste/plastisol viscosity (viscosity-lowering

reagentsC8Y SRS b HISIEF R AR the lrsPBRnESSRIARG 3anas whishiR@rseBEthashear
rate. Vis@a@d@yeﬁegrmgrﬁsm@i@yde@géaedgémg@wi%m@@ggﬂsgmi%mwarbons, but

also carbo%;gc Jg 10 derivatives such as, for example, 2,2,4-trimethy1-1,3-pentanediol diisobutyrate,
known a&" %‘(

SERE R Ak B BNRE RGNS iBPE%Wf&%(ﬁ%é}‘t@rE‘? thémrneRnessaniRdpersing

agents dsskatoniufer examphe/BiounRRAnstirane mamerabBirkudiskphvk-and t@@@ﬁ{%@ﬁtcﬁ rom Byk

Chemie@Vis&o&i}tg-loweﬂgg reagents are added in proportions of 0.5 to 50, preferably I to 30 and

more préf&rd (P16 L29i8ef R HSSAS BW@H@@W?%@W?@W%%%%% used
are minenatianthereypiiicangiranasimyaeanis. ansiarnarerpisTRIENaS, §8-Sglekiangxide,

magnesi%p oxidel, calcium carbonate, barium sulphate, silicon dioxide, phyllosilicate, carbon black,
bitumen; o%%S&.@.%ulverized, in 20 the form of granules or microgranules or fibres, etc.), paper, and
natural and/or synthetic fibres. The following are preferably used for the compositions of the invention:
calcziym S%Et%?nneartggusilicatF% tahl\ﬁﬁwder_, kaolin, mica, feldspar, wollastonite,

( y avallable

equipment has devices Tor integrating the signal area. In
the present NMR-spectroscopic study, integration used *xwinnmr” software, version 3.5.
The integral value of the signals in the range from 0.5 as far as the minimum of the
lowest value in the range from 0.9 to 1.1 ppm is then divided by the integral value of the
signals in the range from 3.6 to 4.4 ppm to give an intensity ratio which states the ratio

30 of the number of hydrogen atoms present in a methy! group to the number of hydrogen



~ sulphates, carbon black and microspheres (in particular glass microspheres). It is particularly
preferable that at least one of the fillers used is a calcium carbonate. 25 Frequently used fillers and
reinforcing agents for PVC formulations are also described by way of example in "Handbook of Vinyl
Formulatin "éEditor: R.F.Grossman; J.Wiley & Sons; New Jersey (US) 2008). The amounts of fillers
used in tWag: Qﬂcﬁ‘f%%@f‘of the invention are advantageously at most 150 pit/by BlektO6egaeably at
most 120, particularly preferably at most 100 and with particular preference at most 80 parts by 30
mass per 100 parts by mass of polymer. In one advdntageous embodiment, the total 13 proportion of
the fillers used in the formulation of the invention is at most 90 parts by mass, preferably at most 80,
particularly preferably at most 70 and with particular preference from 1 to 60 parts by mass per 100
parts by%é@&fﬁ%%waww&@/@f%@w adisificetdothe eavgsssifidncef therinaentioreenay include

commerepdiiaunilalimioper slabilizersas Qﬁ@‘ﬁ@oi@}% %%S%&f?r&(@m%ee %/&%re particularly,

the preferred foam stabilizers contain surface-active substances such as, for example, alkali and/or

alkaline BYXFRVIRERIHGHS Scigspmifie nIpHyaRTacRIchDEhadntensitiemprs b ikyglbésedmystiiphonic
acids andralsealpiharaipmaicrammeuai e AIaREREAEAD Blsadrhased o dlipene

compounds and/or contain surfactants. Stabilizers based on soap/surfactant contai cium
dodetyl PRI BRESAIMFIRYRRE A abs S Raprnent fopeaanple. thedsereaiimarishagidamnasilicone or

based onr%appﬁmmm@éﬁallm&ﬁiW&%ﬁy@mﬁ@m%@w&a@{%ﬂé‘%ﬂ%@%g@@f”d Byk

8070 (from Byk Chemie). The foam stabilizers are used In amounts of 1 to 10 parts SS,

preferabRABSENbi8 aR@ERN SR e I anshRgIRNFhassweiny part havmassopatmer. The

patent ftutkgﬁé@r@wlﬂ@ﬁ&m@%p@?tﬁéta@a‘ﬁﬁwawm%gebﬁ%{e@%ﬁ@% Y’%\b‘?%%””gs or
a

artificial leather. The invention further grovides a floor covering containing the foamable composition of

the inve RGPS AREEBoST Ry 2RstiNgi therRfanmbhcaienRisH 5rooT the Meestisacointstfitial

leather GemsiniRgdhesoamabie, @ﬁmnggmygyention. The diisononyl terephthalates having an
average degree of branching of from 1.15 to 2.5 are produced in accordance with the description in

WO 2009/095126 Al. This is 25 preferably achieved via using a mixture of isomeric primary nonanols
for transesterification of terephthalic esteesihgving:glkyl@eigiies yhich have less than 8 carbon atoms.
The production process particularly preferably uses a mixture of isomeric primary nonanols for
transesterification of dimethyl terephthalate. As an alternative, it is also possible to use a mixture of

primary Banereolsdindnisiie aBPIRRraten30 ROPLS MRS 489 ESS PLBARRING IR RIadYGs the
dusononl)él terephthalate via 14 ,
15 e methyl hydrogen atoms, and I(OCH,) means area integral for the methylene

hydrogen atoms adjacent to the oxygen.

The compositions of the invention may contain polymers selected from polyvinyl
chioride (PVC), polyvinylidene chloride (PVDC), polyacrylates, especially polymethyl
20 methacrylate (PMMA), polyalkyl methacrylate (PAMA), fluoropolymers, especially
polyvinylidene fluoride (PVDF), polytetrafluoroethylene (PTFE), polyvinyl acetate
(PVACc), polyvinyl alcohol (PVA), polyvinyl acetals, especially polyvinylbutyral (PVB),
polystyrene polymers, especially polystyrene (PS), expandable polystyrene (EPS),
acrylonitrile-styrene-acrylate (ASA), styrene-acrylonitrile (SAN), acrylonitrile-butadiene-
25 styrene (ABS), styrene-maleic anhydride copolymer (SMA), styrene-methacrylic acid
copolymer, polyolefins, especially polyethylene (PE) or polypropylene (PP),.
thermoplastic polyolefins (TPOs), polyethylene-vinyl acetate (EVA), polycarbonates,
polyethylene terephthalate (PET), polybutylene terephthalate (PBT), polyoxymethylene
(POM), polyamide (PA), polyethylene glycol (PEG), polyurethane (PU), thermoplastic
30 polyurethane (TPU), polysulphides (PSus), biopolymers, especially polylactic acid



" esterification of terephthalic acid. Examples of materials marketed for producing the diisononyl
terephthalates are particularly suitable nonanol mixtures from Evonik Oxeno which generally have an 5
average degree of branching of from 1.1 to 1.4, in particular from 1.2 to 1.35, and also nonanol
mixtures from Exxon Mobil (Exxal 9) which have a degree of branching of up to 2.4. Another possibility
is moreo&p the19éeb8i488tures of nonanols having a low degree of branchR@GTiEPadttaELI3®Nnanol
mixtures having a degree of branching of at most 1.5, and/or of nonanol mixtures using highly
branched nonanols available in the market, io e.g. 35,5-trimethylhexanol. The latter procedure permits
specific adjustment of the average degree of branching within the stated limits. The nonyl
terephthalates used in the invention have the following features with respect to their thermal properties

(determifféefviahgityésstivay balyrima sy F345,) 150y Mg hawalastd easd ¢RéTYpgsotyarssitiorstarch,
temper ' st INQg.C t . t rature; +200C: ing rate:
10 Kl b e i e D s e e e SO (Bl the
aboyeméﬁﬂ@#@é@ DSBairiSirbmetiviessernetaiRbpbrate d GAED Oy pheferatijlibetms -78€ also
particulaly, Riele aPboRBioM 76 80 SUHRAI HHIATRIRIENENGe MelpYh T df o advantageous
embodiment, in particular'when the intention is to produce plastisols or poﬁ/mer oams with particularly
goodlow-temperature flexibility, at least one of the glass transition temperatures detected in the
abovemenii | I re o C, pr bl lQw -7 (C
Pl e O e B O e R0 ey RECL g
detectal}e¥AEIAD SRIMAPERI BReRYENEnthalgd sh@sivingl Gogjaie, ttalyiidy hextitateirvelysteyt
temperatEehal AericC RREIRSIAILE ot ARfES heRE R G A MINALIG BeGNempgIRT, 19

f ed by way 0

The glass transition temperature, and also the enthalpy of fusion, can be adjust he
selectiob Gitthesl cBhdl tRiApehrthtaleedier iryiegepfieativrigirocadgorainrs cotiathuxtuie theed for
the gstedlicalALREACEShe dOBSHIRRYVISERSI a4 &% ntiie JPERINglig;gsters used in the invention
is at most g?z mPa*s, preferably at mgét§i§§0 mPeégpartFCLﬁrly%fggg ;ﬁg’[ most 138 mPa*s and
with particular preference at most 136 mPes. In one advantageous embodiment, in particular when the
intention isdRdPEpks Rl astiBRInpERRtEWady dpw 5\?@?&‘/ el It haple for
very fast procesﬂiir!g, the shear viscos’.ity‘at 20C of fo e tg%yp_r%haflilfﬁ ﬁe@@%}é‘%ﬁgﬁﬁﬁﬁn Is at
most 128 HEgeieplensraibly atonosealysimbahiprsietioominplidrnattiiatidmsealpginyP btdyaatewith
particulasgNairye nesiRhRAstd AR MRS HPSiRaRYiSCOsIty of the terephthalic esters of the invention
can be specifically adjusted via the use, 1yor the production of the same, of isomeric nonyl alcohols
havidg a particular (average) degree of branching. 15 The loss in mass of the terephthalic esters used

in the inyerfien RiaE 4R M MEas A8 2 OAG Sih SMSLA Yady %@ﬂﬁ(@@gﬁ@ﬁ@ﬁ L RY.RI8ss:

particularly preferably at most 3% by mass and with particular preferenc Y% by mass. In
one advaAtEEESSR MbaRheHIYFRiRHRe diaHerthecRRdrmen)is to produce polymer zo foams with
low emissions, the loss in mass of the terephthalic esters used in the invention after 10 minutes at

200C is at most 3% by mass, preferably at most 2.8% by mass, particularly preferably at most 2.6% by
mass an8 RifHReHRAIHerR dieteaad ssnbEhirey ke Prhsnessan hass copaierpeciivialy

influgnc ' dav j ti tg.Qf r ion. a y rticular
i e 2 S o & oLy o e )
density 6PAEGBrephYhare R KINKeRMPIRBAIReYIfvh PHbiERINGa B P ATEAR©f M tbstinatyigte-tube
(for puriefiaideastd 8 Latgratnageording to GC analysis and a temperature of 20C) is at least
0.9685 g/cm3, preferably at least'0.9690 30 g/cm3, particularly preferably at least 0.9695 g/cm3 and
with particular preference at 16 least 0.9700 g/cm3. In one advantageous embodiment, the (liquid)

density m%m&mt@a&ﬁms@xuwamm@/ﬁnmff@gmém@%er%eﬁmgf aégﬁ)gﬂ&?tm%é—tube

(for purity of at least 99.7 area % according to GC analysis and a temperature of 20C), is at least

0.9700 7S, BT dBI) 4R RS Y Maps/negarisiRy irétersgatienst § 1970 eaemBiand
with parfigsiar Rieisranepcidrast bRy 30 demdnkee ﬁ&eﬁi%otahgdeb%hagucrﬁag%rsaq{ﬁgﬁ%Yemion

can be specifically adjusted by using, for the production of the same, isomeric nonyl alco
particul & BiGERREE dosrENarHraRt R 86 PRESJaNTEBERS BeNBBEiINeHDhe RReAfioeaEDe
produced in various ways. However, the composition is generally produced via intensive mixing of all
of the components in a suitable mixing container. The components here are preferably added in

successidif (RN +RRBRSERbMMAN A EHanRIbhGe IR e G rsitipnah HlaatirivassoferNew
Jersey (iah 208hony| terephthalate, in which case the solvation and/or gelling capacity of



- 15 The foamable composition of the invention can be used for producing foamed mouldings. It is
particularly preferable for the foamable compositions of the invention to contain at least a polymer
selected from the group polyvinyl chloride or polyvinylidene chloride or copolymers thereof. 90
Examples of foamed products of this type are artificial leather, floor coverings or wall coverings,
particulal'\{fref&YbHE8 B3y given to the use of the foamed products in cusHREIVIEREMYdeeiBYys and
wall coverings. 25 The foamed products from the foamable composition of the invention are obtained
more particularly by initially applying the foamable c®@mposition to a support or a further polymeric layer
and foaming the composition before, during or after application, and finally subjecting the applied
and/or foamed composition to thermal processing (i.e. by exposure to thermal energy, for example by
heating/\REFNPRA! PRSIy ean the effigted thaahdhiratignshyasically lometethiarallih Afleshanical
foaming afFOMIORISR fh plasisolisip b iesslond asmeaning 3y e, plasise! B5iAte.
application to the support has for example by sufficiently vigorous stirring air (or other gaseous
substand¥ay iirsis ced o srslerafedissemey fieierhthalirtescafidhe Srioamiiony is fErioiliziry the

foam thusdaigia aeveinivnerssifetanip saRer’ e dnam. siahlar uReaPianiag Iy pasticular

cell structure, colour and water absorbency of the final foam. The choice of stabilizer type'is also
depehdetfitnect aMdl GyeRa s iTREraibRtween bd Ueed! 10 In addition to the foam stabilizer,
further auxiliary substances can be added to influence and/or additionally stabilize the foam structure.
Glycol dibenzoates are concerned here in particular. Glycol dibenzoates are essentially diethylene

glycol dibéishieRe(DeetioRs trivifyiaricyiotyl rtrsfaeimabbBliaadidiprbispehiglicetitibehzoate
(DPGDBLasdRtKiiesbigress- dzbhaddihion e mss) ”E&bfogﬂﬁﬁﬁQOtYégﬁE‘P&?’éﬁ" IR exagple,

the foamable compounds of the invention can also be foamed up physically using blowing gases, in
which cd¥@#ise5#a. rRikisPieyaneicvagicnhelphastiuheranoisvesidorofnostittadie raitiniohlapFaratus

undes PrefRuERANEkaERE CAaR TR SARANAS G TS M&ﬁ&fe%%Wt%n%?c“%s?@‘r}/oﬁlcaé-@'ﬁylﬂ@ s,

both organic and inorganic substances can be used. Suitable inorganic blowing agents include ¢arbon

dioxide, e ArgdRcankrdanesz)gbriiirraeming merahie midwirgcsgeids nan aisiptiaic
hydrocahanmalids fhearhen atems, aliphatic 25 alcohols of 1 - 3 carbon atoms and fully or partially
halogenated aliphatic hydrocarbons of 1 - 4 carbon atoms. Aliphatic hydrocarbons include methane,
ethane, propane, n- butane, isobutane, n-pentane, isopentane, neopentane, hexane, isohexane,

heptane: o ainen ErasABRINRN R ifE DM RBBINSoHIRR REARNS NN RS IS NS 0

heptene, 2,2-dimethylbutane and petroleum ether. Aliphatic alcohols include meth

n-propandlBRE i$Bj5dpamofornmy 6AR baraaamtshuteisapieites p@s bubbles and which is
hydrocaggsnsian ggéavﬁfgé@mrmﬂm%{QW{&W85054{%98&%%@r@?&éﬂf%@%ﬂ&@r%ﬁéﬂo”5-
ene chlotide, ethyl

(Hydro)chlorocarbons for use in this invention include methyl chloride, methy

chloride C8iRINER R HisHNG! Hecprnesirseafaifie gamlbrbhieiryad/andesiromsiorasthaaese

Hydroflugregaererrsriaerss HeadisHpvansiondnalyde methybivaride. oGS flioride,
1,1- difluoroethane (HFC-152a), 1,1?,1-trifluogc1)et ane HFC%%%%%@%@%%%%%H@W& E)Lé

(HFC-13231¢4 YP» Reaan{prpetRape (Rire lesnpd desrineréegnite I, principle, the foamable
difl%ronf@ﬁﬂmﬁidnléaﬂug@%%@@aaﬁ1&%&%?%@%‘.“ W@-Jf‘@@&%ﬂﬁ?{'é@@ﬁﬁrb&m for

use in this invention include chlorofluoromethane, 10 chlorodifluoromethane (HCFC

1,1-dichiBYerhanicrBe then LY raomartion Plarsen Hefahiyainknbssarmranbevolving gas
1,1-dichlouptAed 201iAEosgane tHOREr 2R ke Ldichionnd Aliilnenetians LGRS 1h33a)and

1-chloro-1,2,2,2-tetrafluoroethane (HCFC-124). Fully halogenated hydrocarbons can also be used, but

are less PreRPRNESR I AGERAY serbHEURIE ORI EREaRME EePansio)) aichiereairpesiinsthane
15(CEO-12),1,1,2-trichloro-1,2,2-trifluoroethane(CFC-113),1,2-dichloro-1,1,2,2-

25 The blowing agents for foaming which are suitable for producing the polymer foams of
the invention include all types of known blowing agents, physical and/or chemical

blowing agents including inorganic blowing agents and organic blowing agents.

Examples of chemical blowing agents are azodicarbonamide, azobisisobutyronitrile,

30 benzenesulphonyl  hydrazide, 4,4-oxybenzenesulphony!l  semicarbazide, 4 4-



" tetrafluoroethane (CFO-114), chloro-1,1,2,2,2-pentafluoroethane (CEO-115), trichlorofluoromethane.
More particularly, foam stabilizers and/or further auxiliary substances to influence the foam structure
are also used in the physical foaming by use of blowing gases. 20 In the case of chemical foaming, the
composition of the invention contains a blowing agent which, on exposure to heat, decomposes wholly
or overwhéhzngR/0ht28dseous constituents which bring about an expansiBCFERZBAMI6SiIEBH. The
decomposition temperature of the blowing agent can be distinctly lowered by addition of catalysts. 25
These catalysts are known to a person skilled in théGrt as "kickers", and can be added either
separately or preferably as a system together with the thermal stabilizer. Preferably, the composition of
the invention contains at least one calcium, zinc or barium compound. The use of a foam stabilizer can
be optioR¥ipi8(SseEsassMipherohdinitiazdamidipreoghsaithomedtidisalgbany! t9diatie, p-
mechanical, ical - forueg i HISE r ing, generally in a
noated QoA T e o e e e B B ray
by spreetei'hcs%ﬁﬁ'@amﬁmﬁs NGt &N pegtomainiginet iy srete amiitiag tieifosot iiae ey lrtmsned
hrouah secy s ABRAAIan i QoK AR SHON B0 BXAMRIGE 8RN ACIRERBIRING .
those places where the inhibitor solution was applied, plastisol expansion during processing only takes
placé witiidel i aBEITPNETMnTEEIangtactiesepemicabicaninggis digitetdyinmordisepbtaraitan
mechanj I ri ' [ igal zhanigal Ing Is.discernible
om. for e o 10 FourecTCon (rtoc B L aad oA rer
Wiley & SaigNarpdisadpryejeend)bhsecsdatiaabiextbook "Polymeric Foams and Foam
Technology” (D. Klempner, V. Sendijarevic; Hanser-Verlag; Munich; 2004). Optionally, (further)
profiling can also be achieved subsequently through what is known as mechanical embossing using an
embossihgifolPRItIEMEHY I refEiepiotestelbaah aizeaiutportreatiinlagentsemagtfitmbe
attaghed i e OaRHRILIGRHIc (RO SR MOVER 05 NORMENARS, SN, e suapars
may also be merely temporary supports, from which'the foams produced can be remove égaln as
layers off6arhh& e tpesiioedarpescfaburphie, uundageo! calke bsclpape by timkisksaper).
Another polymeric layer, if appropriate one which has previously been completely or partially (=
pre-gelled) gelled, may also function as a support. This method is practised particularly in the case of
cV roorM@gﬁﬁﬁﬁ@% B EUTRIRS HPRsorES AR JepB ¢al Hotaienstaahie final thermal treatment
takes place in what is known as a gelling tunnel, generally an oven, through which the layer applied to
the support and composed of the composition of the invention is passed, or into which the support to
which thi IBBEIRIR Befrapiile rambssitises ot thelrepbap¢anHeefplastissimionexamete. serves to
solidify (gel) the foamed layer. In the case of chemical foaming, the gelling 30 tunnel may be combined
with an apparatus serving to produce the foam. It is possible, 20 for instance, to use only one gelling
tunnel, it tife iupkies aprgerable diowtiie, fepaaRietapm@esilien the Retais Frogurpensiemibaily, by

decompgsitien Rk §8ie1i0sM % GRIBROPER, ﬁ*ﬂi%f%?@i&ﬂmé%‘fewéW&P%@g&&”&%ﬂﬁoﬁﬁ@’? of

the gellin%{tunnel, at a second temperature which is preferably higher than the first temperature, into
the 5 finlSHEURGMEBRIERIISAREt B ODBRSHIARPH I Everiiessiadre @ iigsas peretsiofoPY&ling

andfoarsingnleraieiniapy SManag v AAp e BRI T THBlCA oS SRBg RmRpIpLes

(gelling temperatures) are in the rangie from 130°to 280C and preferably in the range from 0 to

250C. IntHeHRAeP e shidthanceguilrign the fodhfddesnip oxnieptiatrugial ainiergusiiog teenferatures

mentiongg figr @ﬂ@:@é’cﬂ%@-%dﬁs'idﬂ’i?%?%a@@éﬁ@%% BRaddPIRI m&@mﬁ%iaema}hﬁ gAge of

processes which operate continuously, the duration of the heat treatment here may djusted via the
length of3REHERMLBRARSRaNd the speed at which the support with the foam on top passes
therethrough. Typical foaming 15 temperatures (chemical foam) are in the range from 160 to 240C,
preferably from 170 to 220C and are especially preferably between 180 and 215C. In the case of

mufilayerdd GARARE ERIPRHEAS G0 iHIET A PA9ERI5 GuneFiss ardiives which in particular
have been selected from the group consisting of fillers/reinforcing agents, pigments,
matting agents, heat stabilizers, antioxidants, UV stabilizers, costabilizers, solvents,
viscosity regulators, deaerating agents, flame retardants, adhesion promoters and
processing aids or process aids (e.g. lubricants).
30



" fixed by what is known as pre-gelling of the applied plastisol at a temperature below the 20
decomposition temperature of the blowing agent, and after this other layers (e.g. an overlayer) may be
applied. Once all the layers have been applied, a higher temperature is used for the gelling - and also
for the foam-forming process in the case of chemical foaming. The desired profiling can also be
extended Ot 1a¥@ABY8R by this procedure. 25 The foamable composition® SRR AtREHARD
advantageous over the prior art in that they can be processed more rapidly at lower temperatures, and
hence appreciably improve the efficiency of the mahiifacturing operation for PVC foams. Furthermore,
the plasticizers used in the PVC foam are less volatile, and hence the PVC foam is also particularly
suitable for interior applications in particular. 21 It is believed that a person skilled in the art can use

the abq@‘&%@éﬁ%ﬂcﬁmﬁfmﬁ%@wpﬂ@}@?ﬁmtﬁd@t neutieligetayisbetgrishanid Blisjrefedred
embodinaepSPaPIRATRIPR R B SELNE I biusderdnatan MBlPaRReRiyB disrisrg.and in no

way as a disclosure which is in any way Iimiting. The present invention is herei
elucidate® v diteanakafapibzeaihichive R b ogriane anyref pheseurtimentionxreasbtainable in

a similar i 2; @é@m,l : TN {nati purity The. puri t
producegfﬂg@eﬁﬁiﬁed by m%irﬁ%aé}gé% l%l%tgﬁgéggg\? %%:ar&%%%i%% roﬁ%ﬁ%ﬁfﬁ%ﬁhﬁ’ggies and

a DB5 famR'adhees based prchriiaidRnsdatr: BlasSmer, alarnitkastsRdsdMpiemn asieScientific

and a flagaejieMmentio BIAISS IRt atdadG  ARS SOHOUARE, BRB IR $hikEL AEHr S HRg H%ﬁ:&ek}r&
150COven final temperature: 350C (1) Heating rate from 150 to 300C: 10 K/min (2) Isothermal: 10

min. at 3VEA8)19eAdhY attlreraisoadly B90T! 25 Kanth Mwabreiwiablyifien . frin 4L pargding
temperapH@g@bﬂﬁgpmg;@%;igggq)gpgibmggﬁg%%Qgtg%r ,A21.1 ml/minTotal flow rate: 124.6

ml/min. Carrier gas: HeliumlInjection volume: 3 microlitres 20 Detector temperature: 350CCombustion
gas: Hydrogen Hydrogen flow rate: 40 ml/min.Air flow rate: 440 ml/min. Makeup gas: HeliumFlow rate

of makeypigaredasalfBividiBe g MARe aBSAbi d Y, A9@ings Ayailable
25 comparlativeesubstggc.eis idiéisononyl_ orthophthalatem%li%g%%gr}%n%l)ﬂfye@%ﬁiﬁag%?%l ), and

purity is &ffftetl MerePBE YERRXISEZBEE YRS EhiteAtls of tasguesuparicedanie pigferableoe7%,
the probablegrsidixadarlack dbaalibepiiqmioedgiesgective sample substance is small. 23

Antioxidants are generally substances that prevent the free-radical degradation of
15 polymers which is caused'by energetic radiation for example in a specific manner by for
example forming stable complexes with the free radicals formed. Particular candidates
for inclusion are sterically hindered amines — known as HALS stabilizers -, sterically
hindered  phenols, phosphites, UV absorbers such as, for example,
hydroxybenzophenones, hydroxyphenylbenzotriazoles and/or aromatic amines. Suitable
20  antioxidants for use in the compositions of the invention are also described for example
in the “Handbook of Vinyl Formulating” (editor: R.F.Grossman; J Wiley & Sons; New
Jersey (US) 2008). The antioxidant content of the foamable mixtures of the invention is
more particularly not more than 10 parts by mass, preferably not more than 8 parts by
mass, mdre preferably not more than 6 parts by mass and even more preferably

25 between 0.5 and 5 parts by mass per 100 parts by mass of polymer.

Both organic and inorganic pigments can be used as pigments for the purposes of the
present invention. The pigment content is more particularly between 0.01 to 10 parts by
mass, preferably 0.05 to 8 parts by mass and even more preferably 0.1 to 5 parts by

30 mass per 100 parts by mass of polymer. Examples of inorganic pigments are TiO,,



" The degree of branching of the esters produced is determined by means of NMR spectroscopy, using

the method described in detail above. 3. Determination of APHA colour index 5 The colour index of

the esters produced was determined to DIN EN ISO 6271-2. 4. Determination of density The density
ced was determined at 20C by means of an oscillating U-tube to DIN 51757-

of the eiﬁrsog@o%
Method 4' Y0¢'8! Beeifiation of add number The acid number of the estdP&PrERABHNVRE9039

determined to DIN EN ISO 2114. 6. Determination of water content 15 The water content of the
esters produced was determined to DIN 51777 Pari4 (Direct Method). 7. Determination of intrinsic
viscosity The intrinsic viscosity (shear viscosity) of the esters produced was determined by using 20
a Physica MCR 1% Anton-Pear) with 73 measurement system (DIN 25 mm rotation mode by the
fonowing8 thde® g%éﬁ%éﬂd %@agéuré%@ﬂpé%te% WERMiSt BRI cBIE5 @ dsn i AGDT HOTS, and

then thefntiewing arecegigerneredasivard hgihentRhoaplus Holvare 8@&-&&%@?@%&9@. s-1 for
|

a period of, 60 s with no measured valyes recorded (in order to achieve stabilization with respect to any
thixotropic ’éﬁ@iﬁg tﬂﬁ??@? ARsHSEhE IS fih BYGTRERIn Ras st P8I siisaL6R) SUhetis detreashdhear
rate profgasipiéing at 500 s-1 and ending at 10 s-1, divided into a logarithmic series with 20 steps
each with measurement point duration of 5 s (verification of Newtonian behaviour). 5 All of the esters
exhibited Newtonian flow behaviour. The viscosity values have been stated by way of example at a

shear ratdseiotys- tefuiDRiemainatioffaitlege ohnlassly lossepbRrsRAAPRC ORLME BRSS!
produced, was .getéer_mine%fvlith the aid of a u; Mettler,halo%en dryer (HB43S). Measurement
parametERCBEI VS F P ARFIONEHGNRAGRIHE HOMEEYRStMDAGE TharifenoaravreeRHikE 30 s

Measurensensiimg:k0aninsis Aanetiohobispreisnear baeT hadpeasIemen precrRasusesslisnosable
aluminium disheg (Mettler% and ,aE Iﬂ%l fibre filter (glass non-woven from Mettler). After stabilization

and tariry of e b FEHIY e ¥ 8539 WEHE URHEFRIF RIS oRlEke fBFRAMLICWRSIthe aid
of aidispsdbicipipesiestand tHormsasupten e progassiwas Sastedat@dleinsomalions 20 ware
carried out t?ggc@s%e%%\en and the Egeasur_e valugg were averaged. The final measured value
after 10 fi7in i€ HatdqBs “AGLE B M LE SRR IBMRGHEY £S5PeRYIIc SBisEs aniiRgnasiRBls, and
determintidiparsingntiypis cifusion  MithadpuoblesinntaschatrRrlRagEi o ieEIPeratyIe WRIB byk
determiqed,byﬁdiﬁereptial . g _ . . .

and “Disperplast (from Byk Chemie). Viscosity-lowering reagents are added in

proportions of 0.5 to 50, preferably 1 to 30 and more preferably 2 to 10 parts by mass

15 per 100 parts by mass of polymer.

Fillers that can be used are mineral and/or synthetic and/or natural, organic and/or
inorganic materials, e.g. calcium oxide, magnesium oxide, calcium carbonate, barium
sulphate, silicon dioxide, phyllosilicate, carbon black, bitumen, wood (e.g. pulverized, in

20 the form of granules or microgranules or fibres, etc.), paper, and natural and/or
- synthetic fibres. The following are prefefabiy used for the compositions of the invention:
calcium carbonates, silicates, talc powder, kaolin, mica, feldspar, wollastonite,
sulphates, carbon black and microspheres (in particular glass microspheres). It is
particularly preferable that at least one of the fillers used is a calcium carbonate.

25 Frequently used fillers and reinforcing agents for PVC formulations are also described
by way of example in “Handbook of Vinyl Formulating” (Editor: R.F.Grossman; J.Wiley &
Sons; New Jersey (US) 2008). The amounts of fillers used in the compositions of the
invention are advantageously at most 150 parts by mass, preferably at most 120,
particularly preferably at most 100 and with particular preference at most 80 parts by

30 mass per 100 parts by mass of polymer. In one advantageous embodiment, the total



25 calorimetry (DSC) to DIN 51007 (temperature range from - 100C to + 200C) from the first heating
curve at a heating rate of 10 K/min. Before the measurement process, the specimens were cooled to -
100C in the measurement equipment used, and then heated at the heating rate stated. The
measurement was carried out under nitrogen as inert gas. The inflection point of the heat flux curve is
taken as'tfie gk ¥#&Hbn 25 temperature. Enthalpy of fusion is determiféeVEARELTARINSPthe
peak area(s), by using software in the equipment. 10, Determination of plastisol viscosity 5 The
viscosity of the PVC plastisols was measured using1§ Physica MCR 101 (AntonPaar) with "Z3"
measurement system (DIN 25 mm) in rotation mode. The plastisol was first homogenized manually
with a spatula in the ﬁrpfi@ieng!container and then chal'rg?qed to the measurement system and measured

t

isothermIRPR ¥ 0 56 EaEfeNEOR Spsauiatng Skthrinrainshisvaanastiidwparts by
Presheafraist)(sseleleit/pariodoat 660s WihinaIangaskeest ¥Blves: rasosderh(in idgide Rshigyear

stabilization_with respect to any thixotropic effects that may arise). is 2. A decreasing shear rate profile,
starting & 9665l Ad 09 L P BY RS LRIgHRRAIdSBY $asRIPEBYWERE each with

measurement point duration of 5 seconds. The measurements were generally (unless otherwise

stated) carried outrﬁfter 24 h of stors%e/ageing of the plastisols. The plastisols were stored at 25C prior
to the 20 HER0RAMEAR. TP BZES G rMIRIIRTY Yatber e gRIIRTY Hawaiiekidsr eramesaiahs was

studied iavaiRivisi¢ecCiRa bl dnsossihatieadame dseusiT 8 Rate-pRoplaia MERSWRIRE BheYSIRM PP 25),
operatedtﬁlv[gith s@ar-gtgess 25 Cﬁmtrol. An additional temperature-control hood was attached to the
equipmenEiPBrRIFES SRS RUZPH HRNAENS HiBLSRSHh SHRIRSERF S UMb @S Tiom SPaRple

gradient {teanpsraioreanaliie) ¥l aningl teapesabiten 266 s AP na temresaineisl88Cexample,
rate: 5 K/min Oscillation frequency: from 4 to 0.1 Hz profile (logarithmic Angular

Heating/coolin | _
frequenc?fﬁmeg.r]ﬁ%%’ﬂnﬂﬁﬁe?% aad S eHEREIRsoRAtic compounds. Foam stabilizers

16 can also be based on silicone compounds and/or contain surfactants. Stabilizers based
on soap/surfactant contain calcium dodecylbenzenesulphonates as active component
for example. Foam stabilizers based on silicone or based on soap are commercially
available for example under the brand names Byk 8020 and Byk 8070 (from Byk
Chemie). The foam stabilizers are used in amounts of 1 to 10 parts by mass, preferably

15 1to 8 and more preferably 2 to 4 parts by mass per 100 parts by mass of polymer.

The patent further provides for the use of the foamable composition for floor coverings,
wall coverings or artificial leather. The invention further provides a floor covering
containing the foamable composition of the invention, a wall covering containing the
20 foamable composition of the invention or artificial leather containing the foamable

composition of the invention.

The diisononyl terephthalates having an average degree of branching of from 1.15 to
2.5 are produced in accordance with the description in WO 2009/095126 A1. This is
25 preferabiy_ achieved via using a mixture of isomeric primary nonanols for
transesterification of terephthalic esters having alkyl moieties which have less than 8
carbon atoms. The production process particularly preferably uses a mixture of isomeric
primary nonanols for transesterification of dimethyl terephthalate. As an alternative, it is
also possible to use a mixture of primary nonanols having the appropriate

30 abovementioned degrees of branching to produce the diisononyl terephthalate via



" Measurement point duration: 0.5 min No automatic gap adjustment Constant measurement point
duration Gap width 0.5 mm 10 Measurement method: A spatula was used to apply a drop of the
plastisol formulation to be measured, free from air bubbles, to the lower plate of the measurement
system. Care was taken here to ensure that some plastisol could exude uniformly out of the
measureWQr@%g{QﬁP@ﬁﬁ 15 more than about 6 mm overall) after the meaB\W&rbétRG&1$(869038 been
closed. The temperature-control hood was then positioned over the specimen and the measurement
was started. The "complex viscosity" of the plastisonas determined as a function of temperature. The
onset of the gelling process was discernible via a sudden marked rise in complex 20 viscosity. The
earlier the onset of this viscosité(l rise, the better the gelling capability of the system. Interpolation was
used on BSEEFAGALION RidakrbialinaEdo determine, for each plastisol, the temperature at which a
complex viscosity of 1000 Pa s or, respectively, 10 000 Pa*s had been reached. In addition, a tangent
method gas used to determine 25 the maximum plastisol viscosity reached in this experimental

system, SAATHRGR e ARl B Em MHikpissh iPRURTPINSIRE R odilgoseivs iessristatataedarg
droppingparierenieuiranid? dehdradraianad fram felsand dgtsimination g&ﬁé%@?\}%’é@%n
S

Foaming behaviouyr was determined using a thickness gauge suitable for plasticized

measurenMERIGICaIE9 ALRIAMENBIN BAUR detradyiolin.partisaianifaaihisd ibdodteragbalso
LTE-TS:rpaauéactixen o Matisctsm e yess 400 ol epdustion, %@&@@gﬂtﬁ%m@; the fpihplade

toa blagfgag of 1 mm. This blade gap was checked with a feeler gauge and adjusted Tt necessary.
isol

The pla UthetRagsIAlin e PsadsttBrAe RIZRNUaB aenanesd ringse [speeanearan
Released?awgﬁd’mmg,Sﬁmarltitsijbaﬁtfﬂtﬁbﬁﬁﬁ@tﬂmﬂdremﬁamg)o% g@ r%WHF%Rﬁd@"y%?tQEﬁ]&%mmg’
e

first an iricjéoiengy gelled and unfoamed foil was produced at seconds' residence time. Jo The
Of

thickness 8f SN YL RRARAT tRIKIESYSUAE fHahivchsaabegheenanals avaiBlye fnthat therkseited
blade gapgTBckimeamvenymessnsd ahtneasiffsrent satatseine falbdepamsd;fils drams)yere

then likewise produced Wi%in the Mathis Labcoater at 4 different oven residence times (60s, 90s,
120s an§EE9Y. SREPHHE' BANSAY WibiRd e %iBlRe, tMitthicknesses were likewise measured at

three different points. The average value of the thicknesses and the original thickness were needed to
compute the exgqngign. Fﬁxamé)le; (foam thickness-original thickness)/original thickness*100% =
expansipa_r[q);e%} ¥ SEBIIALIGH brEIIsWhedeyRalieTReerhe Quiao fratiingexils sasreiure of

yellow dtmemmméa;ﬁamsqa@@@ﬁmﬁhi%M%F@%M@éﬁwﬂfﬁs@é?“ the assessment of
foam _sheets in two respects. First, it indicates the degree of decomposition of the blowing agent

azolficarbonamide (yellow in the undecomposed state) and, secondly, it is a measure of 25 thermal

stability (distolatatipnmdeeddo taimastaass FalumioneasiRnaNtofitheoamshealgias fone
using a Spectrg%f%ur&% from Bﬁk-Gardner. A (commercially available) white reference tile"'was used as

background fo GiRGHERSrahonts. 9 MReHdEeiieOerdaatis rage: 10 Kimin.) of

the DSC thermogram.
2. At least one of the glass transition temperatures detected in the abovementioned
20 DSC measurement is below a temperature of -70°C, preferably below -72°C,
particularly preferably below -75°C and with particular preference below -77°C. In
one advantageous embodiment, in particular when the intention is to produce
plastisols or polymer foams with particularly good low-temperature flexibility, at
least one of the glass transition temperatures. detected in the abovementioned
25 DSC measurement is below a temperature of -75°C, preferably below -77°C,
particularly preferably below -80°C and with particular preference below -82°C.

3. They have no detectable melting signal (and thus an enthalpy of fusion of 0 Jig)
in the first heating curve (start temperature: -100°C, end temperature: +200°C:
heating rate: 10 K/min.) of the DSC thermogram.

30



llluminate: C/2 Number of measurements: 3 Display: CIEL*a*b* Index measured: YD1925 5 The
measurements themselves were carried out at 3 different points of the samples (at a plastisol blade
thickness of 200 pm for effect and flat foams). The values obtained from the 3 measurements were
average%zé? #@ Production of terephthalic esters 1.1 Production of diisononyl terephthalate
(DINT) f @m% %cid and isononanol from Evonik Oxeno GmbH (iﬁ"%%@@ﬂﬂaﬁ@ﬁ 8%44 g of
terephthalic acid (Sigma Aldrich Co.), 1.59 g of tetr?gutyl orthotitanate (Vertec TNBT, Johnson
Matthey Catalysts) and 1440 g of an isononanol (Evonik OXENO GmbH) produced by way of the
OCTOL process were used as initial charge in a 4 litre stirred flask with water separator and
superposed high-performance condenser, stirrer, immersed tube, dropping funnel and thermometer,
and the iﬁ?tﬁ%%v%%%%%gfmge%%%s éf.sﬂftrtg‘r%%]m@& d42RBiGRR PRt BahO¥xcess
alcohol way thieth eesetaabbyotlisid atiwhasdamasd90G.ie8d fod thbastdifatishire yasthen groled to
80C andapc%%té?lg%&%]usin% 8,ml o%a 10% %{f@@%&l by mass aqueous NaOH solution. Steam distillation
was thefi cared Ut At & g%rg rr};l ﬁrg%‘?r g Ssﬁessure of from 20 to 5 mbar. The mixture
was then cooled to 130C and dried at 5 mbar at this 25 temperature. After cooling to < 100C, the

mixture was filtered through fil i rlite). The resultant ester content (purity) according to GC was
09,95, 1 BprBRUIR P BHeGha el TSR RSP i [BrL PR IS {BRTTR
isononandPfron &te nikeBaandy Gmbtdginthe mPertopartRUAre eeffeimsingt terephthedaerBMT
(Oxxynova), 1.16 g of tetrabutyl orthotitanate (Yertec TNBT, Johnson Matthey Catalysts) and initially
576 g of the 10 a|%%‘%&% BF%%W&?%%% ‘Z‘E‘(%%S%@ZE%&W%%@‘E%%P&& FmBPAE-Y ifa 4
litre stirrpertlesiawitiheistiliationcbtidgesvith pedtixodivitiesti SOt Martifllieakimn, siressimnmarsed
tube, 5 %ro Eﬁgd{)tilnrtl)el and thFrmomqter. The mi€<ture was slowly heated, with stirring, until no
residual sgﬁg was \?iSl%Iga‘xe%tiﬁ)éavvfsecg?‘fti}ﬁ%'gd aRtiPERS TR oA ERIIBERSRLALAS T RE reflux
divider viae tetisidibiicsesters wagddrtdHeap/tdiondthanenisshieGiwRacensiefe iAot GG
Starting Qm temperatyre of about 240C, the ining alcoho] was added slowly in such a
way 2 e e S o T E A A LB e oAU ARG <o
time, a spesimé widadtudiee s\ eseanscobBCofatie: désepbthdileregtatatftieantanttrnd cagthyl

isononyl terephthalate,.content were determined, The transesterification process was terminated when
methyl i rélcg)fr%ﬁ%@e%ﬂ%%ﬁ%?e \égn@%t Wag loé.%hgrﬂg}?%@@ﬂ 'Pﬁet?}\?o% wgi SRS e

work-upadesictilsdubivirExarpplticlitar 15ve2 Geddectioa of Hiisecieing. terephthalate (DINT) from
terelghthalic acid and isononanol from ExxonMobil (in the invention) 830 g of terephthalic acid (Sigma
Aldrich Co.), 2.08 g of tetrabutyl orthotitanate (Vertec TNBT, Johnson Matthey Catalysts) and 1728 g
of an isorfondpss (Bxwe g BiotbaMereipath&llre mitals) ywedloethbyinvayidthafelyunsproegssyvere

used asARiti ' itre stirred flask with water s or and superposed high-performance
condenséeart,ss wi%?e{?rﬁ]r%r{]%?s%é gfadsr%’p%ﬁ%ge ?ﬁ%l e?%ﬂboﬁﬁgf@%ﬁé{éﬁaﬁ?d E’éﬁﬁﬁ)ﬁ’ﬂqﬁg Qv'%eéeé%ti’r&ified at
245C. Afterii:b B%uily theassaetion witil padenildheexessscalcaholowas2tben tsmeners byndistiation
at 180C o g;‘ai? e was. then cooled to 80C and 25 neutralized using 12 ml of a 10%
strength by rﬁégs@%);ul?egeus %ﬁ%ldﬂoﬁ?é%%%r d\f\é[iil gti&em)gge‘t'ﬁ?é?{‘césrr?@d B[Rgﬂ%eté?ﬁ EP&ture of
180T arfdaina préssloe afifissi@Biotbenibar Themabducd Was thesptitiediat Sstebaraidhisn the :
temper nd, Ik < ofltered. Th ultant ester content (pyrity) accaording to GC
was 99%%&3@% g{%{o?cﬁ%éi%%g d#s%er%n%l ‘?e%gp'n%%lg% 83’ I ﬁlﬁsﬁb%?éér@ﬁiéh%ig@% Saﬁg"ﬂ‘%bnanol
(com pamw@,e&arﬁptéyrlaymaﬁimijvﬂh Bramplé. bynaasarold Simaaridtion Corgférsiead af the
sononapl s SIS L S RIS 85 L AT IKEA U 7 e Ra AP R RIP
the selection of the constituents of the formulation, and also in particular via the

25 selection of dilsononyl terephthalates having a particular degree of branching.

The (liquid) density of the terephthalic esters used in the invention, determined by
means of an osciliating U-tube (for purity of at least 99.7 area % according to GC
analysis and a temperature of 20°C) is at least 0.9685 g/cm®, preferably at least 0.9690

30 glem?®, particularly preferably at least 0.9695 g/cm?® and with particular preference at



5 which according to GC had > 99.8% ester content (purity), solidified on cooling to room temperature.
31 1.5 Production of diisononyl terephthalate (DINT) from terephthalic acid and 3,5,5- trimethylhexanol
(comparative example) By analogy with Example 1.1, 3,5,5-trimethylhexanol (OXEA GmbH), instead
of the is terified with terephthalic acid and worked up as d scrrifbed above, 5 The
product,%ﬁ?ﬁiécor | %ggto GC had > 99.5% ester content (purity), solidifie%a%T %‘88%& 1B
temperature. 1.6 Production of diisononvl terephthalate (DINT) from terephthalic acid, isononanol and
3,5,5-trimethylhexanol (comparative example) 10 166 g of terephthalic acid (Sigma Aldrich Co.), 0.10 g
of tetrabutyl orthotitanate (Vertec TNBT, Johnson Matthey Catalysts) and an alcohol mixture made of

217 3 of RN Ao (S R oA DR i) VAL A Beec ik with

water sefeaegiolhadlighegerorsadde trendersdorstiteterimmer sadietikeotsonmogdunaelande

thermometer. and were esterified as fag as 240C. After.10.5 haurs, the reaction had ended. The stirred
flask wﬁ?ﬁé’rﬁ‘@%ﬁﬁ%@?&‘% %?sgaegrié%aecﬁﬁﬁ%\?gc{?uﬁ%% MRS hE z%é’%%ﬂ&%f #aremoved
by distilléiehlessta® 43 A0@ard preferitaly. Ateanb@ld viag/theh) pacieditolBperdiguiratized using
1 ml of 9%, strength mass.aqueous NaOH solutign. T jxture was then purified via 20
passagelsl Hael e A Al PR s A8t 0 et e drly e
was thertetopldtabclSsiersanidtivki énvatich mévabatshisciboaigratjue tadhafteihgoadinghte 100C, filtered.
The res r tent (purity) was. 99.98% according to GC. 25 1.7 Production of djisononyl
terephth @?&?gﬁ%ﬁf}%ﬂ%ﬁ%ﬁﬁ]gﬂg%ﬁ?ggﬁ@%aﬁff g?‘n(? %%%‘.Iﬁ{ %\fﬁmgﬁﬂrﬁﬁ fﬁ‘le invention)
166 g oftreaephithalic acid (Sigma Aldrich Co.), 0.10 g of tetrabutyl orthotitanate (Vertec TNBT,
Johnson Matthey Catalysts) and an alcohol mixture made of 83 g of an isononanol (Exxal 9,

ExxonMobil Chemicals) produced by way of the polygas process 30 and 153 g of
3,5, B trithbeh{tlexaiviel ¢OXBAsBarbbf) tverie verdtbaschnitinbchardgededa? vazditre wtigredHieske vwith water

separat igh-per. C n tirrer, immersed tube,. dropping funnel and thermometer, and
were es%é%%e@é&%&a@g@%g%@ %%SE éé%ﬁ e F}en?éﬁgnnﬁ)é'&%rﬁggo@@. Qr*ﬁté%t‘r‘f?mi}ﬁ&&?tﬁé@, fhen
attachedstitabGaisingridgetaiitk ative mativides s dhibe esce 33 efectio) veakieemaved dae sisgiflation
as far a 90C angd,< . The.mixture was then led t and neutrali usipg.l ml of a
10% strZ%%h %%?ha%saﬁgﬁép@ésﬁe%ﬁl}tgﬂ%ﬁamg nfi‘g%%r\'/vasgr%wﬁa?ﬁé‘d \%g\% ysé%egléi’f'ﬁitrogen
("strippinéEvatersemeratd¥8§)190C and a pressure of < 1 mbar. The mixture was then cooled to
130G, and dried at < 1 mbar at this temperature and, after cooling to 100C, filtered. The resultant ester

content (purity) was 99.98% 10 according to GC. 33 OSG 2iff) I--- <2 N cd - :
The foamable composition of the invention can be used for producing foamed

mouldings. It is particularly preferable for the foamable compositions of the invention to
contain at least a polymer selected from the group polyvinyl chloride or polyvinylidene

chloride or copolymers thereof.

Examples of foamed products of this type are artificial leather, floor coverings or wall
coverings, particular preference being given to the use of the foamed products in

cushion vinyl (CV) floorings and wall coverings.

25 The foamed products from the foamable composition of the invention are obtained more
particularly by initially applying the foamable composition to a support or a further
polymeric layer and foaming the composition before, during or after application, and
finally subjecting the applied and/or foamed composition to thermal processing (i.e. by

exposure to thermal energy, for example by heating/warming).
30
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Foaming can be effected mechanically, physically or chemically. Mechanical foaming of
a composition or plastisol is to be understood as meaning that the plastisol before
application to the support has for example by sufficiently vigorous stirring air (or other
gaseous substances) introduced into it (so-calied *beaten foam”), which leads to
5 foaming up. Stabilizing the foam thus formed generally necessitates a stabilizer. The
foam stabilizers used determine in particular cell structure, colour and water absorbency
of the final foam. The choice of stabilizer type is also dependent inter alia on the

plasticizers which are to be used.

10 In addition to the foam stabilizer, further auxiliary substances can be added to influence
and/or additionally stabilize the foam structure. Glycol dibenzoates are concerned here
in particular. Giycol dibenzoates are essentially diethylene giycol dibenzoate (DEGDB),
triethylene glycol dibenzoate (TEGDB) and dipropylene glycol dibenzoaie {(DPGDB) or
mixtures thereof.

In addition to mechanical foaming by vigorous stirring for example, the foamable
compounds of the invention can also be foamed up physically using blowing gases, in
which case these are mixed together with the plastisol of the invention in suitable
technical apparatus under pressure and subsequently expanded under lower pressure.
20 As physical blowing agents, both organic and inorganic substances can be used.
Suitable inorganic blowing agents include carbon dioxide, nitrogen, argon, water, air,

oxygen and helium.

Organic blowing agents include aliphatic hydrocarbons of 1 — 6 carbon atoms, aliphatic
25 alcohols of 1 ~ 3 carbon atoms and fully or partially halogenated aliphatic hydrocarbons
of 1 ~ 4 carbon atoms. Aliphatic hydrocarbons include methane, ethane, propane, n-
butane, ischutane, n-pentane, isopentane, neopentane, hexane, isohexane, heptane,
octane, methylpentane, dimethylpentane, butene, pentene, 4-methylpentene, hexene,
heptene, 2,2-dimethylbutane and petroleum ether. Aliphatic alcohols include methanol,

30 ethanol, n-propanol and isopropanol. Fully and partially halogenated aliphatic
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hydrocarbons include (hydro)chlorocarbons, (hydro)fluorocarbons and  also
(hydro)chlorofluorocarbons. (Mydro)chlorocarbons for use in this invention include
methyl chioride, methylene chloride, ethyl chiotide, éthyiene dichloride, 1.1,1-
trichloroethane, trichloromethane and tetrachloromethane. Hydrofluorocarbons for use

5 in this invention include methyl fluoride, methylene fluoride, ethyl fluoride, 1,1-
difluoroethane (HFC-152a), 1,1,1-trifluoroethane (HFC-143a), 1,1,1,2-tetrafluoroethane
(HFC-134a), 1,1,2,2-tetraflucroethane  (HFC-134),  pentafluoroethane,  2,2-
difluoropropane, 1,1,1-trifluoropropane and 1,1,1,3,3-pentafluoropropane.
Hydrochlorofiuorocarbons for use in this invention inciude chlorofluoromethane,

10 chlorodifluoromethane (HCFC-22), 1,1-dichloro-1-flucroethane (HCFC-141b), 1-chloro-
1,1-difluoroethane (HCFC-142b), 1,1-dichloro-2,2 2-trifluoroethane (HCFC-123), 1,2-
dichloro-1,2,2-trifluoroethane  (HCFC-123a) and 1-chloro-1,2,2,2-tetrafluoroethane
(HCFC-124). Fully halogenated hydrocarbons can also be used, but are less preferable
for ecological reasons: fluorofrichioromethane (CFC-11), dichlorodifluoromethane

15 (CFC-12),  1,1,2-trichloro-1,2,2-trifluoroethane  (CFC-113),  1,2-dichloro-1,1,2,2-
tetrafluoroethane (CFC-114), chloro-1,1,2,2,2-pentaflucroethane (CFC-115),
trichlorofluoromethane. More particularly, foam stabilizers andfor further auxiliary
substances to influence the foam structure are also used in the physical foaming by use
of blowing gases.

20
In the case of chemical foaming, the composition of the invention contains a blowing
agent which, on exposure to heat, decomposes wholly or overwhelmingly into gaseous
constituents which bring about an expansion of the composition. The decomposition
temperature of the blowing agent can be distinctly lowered by addition of catalysts.

25 These catalysts are known to a person skilled in the art as “kickers”, and can be added
either separately or preferably as a system together with the thermal stabilizer.
Preferably, the composition of the invention contains at least one calcium, zinc or
barium Corhpour)d. The use of a foam stabilizer can be optionally dispensed with in
chemical foaming in contrast to mechanical foam.

30



" 0CY) (Plos) .qp.0 EI7L6.0 1'3L60 (Pllos) .gp.0 c)C15-10 Co' .6 d N 63 .qp.0 Degree of branching
(NMR)[[]0Z6't '3 66'Z Purity (GC) [Area %] 9E66 L666 966 9266 -Product (according to
example) Di(n-nonyl) terephthalate (Example 1.4/
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Unlike mechanical foam, chemical foams are only formed in the course of {thermal)
processing, generally in a heated gelling tunnel, while initially the still unfoamed
composition is applied to the support, preferably by spread coating. With this mode of
performing the process, profiling the foam can be achieved through selective application
5 of inhibitor solutions, for example via a rotary screen printing rig. In those places where
the inhibitor solution was applied, plastisol expansion during processing only takes
place with delay, if at all. In commercial practice, chemical foaming is distinctly more
popular than mechanical foaming. Further information concerning chemical and
mechanical foaming is discernible from, for example, E.J. Wickson, “Handbook of Vinyl
10 Formulating” (editor: R.F. Grossman, John Wiley & Sons New Jersey (US) 2008) or the
technical textbook “Polymeric Foams and Foam Technelogy” (D. Klempner, V.
Sendifarevic; Hanser-Verlag; Munich; 2004). Optionally, (further) profiling can also be
achieved subsequently through what is known as mechanical embossing 'using an
embossing roll for example.
15
Both processes can utilize support materials that remain firmly attached to the foam
produced, examples being woven or nonwoven webs. Similarly, the supports may also
be merely temporary supports, from which the foams produced can be removed again
as layers of foam. Such supports can be, for example, metal belts or release paper
20 (Duplex paper). Another polymeric layer, if appropriate one which has previously been
completely or partially (= pre-gelled) gelled, may also function as a support. This
method is practised particularly in the case of CV floor coverings constructed of two or

more layers.

25 In both cases, the final thermal treatment takes place in what is known as a gelling
tunnel, generally an oven, through which the layer applied to the support and composed
of the composition of the invention is passed, or into which the support to which the
layer has been applied is introduced for a short pericd. The final thermal freatment
serves fo solidify (gel) the foamed layer. In the case of chemical foaming, the gelling

30 tunnel may be combined with an apparatus serving to produce the foam. It is possible,



| combarative example) Di(nonyl) terephthalate (Example 1.1 / in the invention) Di(nonyl) tereph_thalate
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for instance, to use only one gelling tunnel, in the upstream portion of which, at a first
temperature, the foam is produced chemically by decomposition of a gas-forming
component, this foam being converted in the downstream portion of the gelling tunnel,
at a second temperature which is preferably higher than the first temperature, into the

5 finished or semi-finished product.

Depending on the composition, it is also possible for gelling and foaming to take place
simultaneously at a single temperature. Typical prOcessing temperatures (gelling
temperatures) are in the range from 130 to 280°C and preferably in the range from 150

10 to 250°C. In the preferred manner of gelling, the foamed composition is treated at the
gelling temperatures mentioned for a period of 0.2 to 5 minutes, preferably for a period
of 0.5 to 3 minutes. In the case of processes which operate continuously, the duration of
the heat treatment here may be adjusted via the length of the gelling tunnel and the
speed at which the support with the foam on top passes therethrough. Typical foaming

15 temperatures (chemical foam) are in the range from 160 to 240°C, preferably from 170
to 220°C and are especially preferably between 180 and 215°C.

In the case of multilayered systems, the shape of the individual fayers is generally firstly
fixed by what is known as pre-gelling of the applied plastisol at a temperature below the
20 decomposition temperature of the blowing agent, and after this other layers (e.g. an
overlayer) may be applied. Once all the layers have been applied, a higher temperature
is used for the gelling — and also for the foam-forming process in the case of chemical

foaming. The desired profiling can also be extended to the overlayer by this procedure.

25 The foamable compositions of the inv.ention are advantageous over the prior art in that
they can be processed more rapidly at lower temperatures, and hence appreciably
improve the efficiency of the manufacturing operation for PVC foams. Furthermore, the
plasticizers used in the PVC foam are less volatile, and hence the PVC foam is also
particularly suitable for interior applications in particular.

30
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It is believed that a person skilled in the art can use the above description in the widest
scope even without further details being given. The preferred embodiments and
examples are therefore to be understood as merely descriptive disclosure and in no way
as a disclosure which is in any way limiting. The present invention is hereinbelow further
5 elucidated by means of examples. Alternative embodiments of the present invention are

obtainable in a similar fashion.
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Examples:

Analysis:

1. Determination of purity

wh

The purity of the esters produced is determined by means of GC, using a “6890N” GC
machine from Agilent Technologies and a DB-5 column (length: 20 m, internal diameter:
0.25 mm, film thickness 0.25 pm) from J&W Scientific and a flame ionization detector,

under the following conditions:

10
QOven starting temperature: 150°C Cven final temperature: 350°C
(1) Heating rate from 150 to 300°C: 10 K/min (2) Isothermal: 10 min. at 300°C
(3) Heating rate from 300 to 350°C: 25 K/min.
Total running time: 27 min.
15 _
Ingoing temperature of injection block: 300°C  Split ratio: 200:1
Split flow rate: 121.1 ml/min Total flow rate: 124.6 mi/min.
Carrier gas: Helium Injection volume: 3 microlitres
20 Detector temperature: 350°C Combustion gas: Hydrogen
Hydrogen flow rate: 40 mi/min. Air flow rate: 440 mi/min.
Makeup gas: Helium Flow rate of makeup gas: 45 ml/min.

The gas chromatograms obtained are evaluated manually against available
25 comparative substances (di(isononyl) orthophthalate / DINP, di(isononyl) terephthalate /
DINT), and purity is stated in area per cent. Because the final contents of farget
substance are high at > 99.7%, the probable error due to lack of calibration for the

respective sample substance is small.

30 2. Determination of degree of branching



comparative example) Isononyl benzoate, VESTINOLO INS, from Evonik Oxeno GmbH (comparative
example) Di(isononyl) phthalate, VESTINOLO 9, Evonik Oxeno GmbH (comparative example) 35 The
difference between the isononyl benzoate (INB) described in the prior art for the production of polymer
foams and the diisononyl terephthalates used according to the invention becomes particularly clear
through W@&Q%ﬁ@%@é@rence in volatility (loss of 5 mass after 10 minute$ 4t 26620 1S6668959
benzoate is found to give a 20 times higher value. This high volatility is the reason why INB can only
be used to a limited extent in many interior applicat?é’hs, if at all. When unbranched alcohol (n-nonanol;
degree of branching = 0) is used to produce the 10 terephthalic esters, the product, as would be
expected, is the unbranched terephthalate. At room temperature this is a solid, and conventional

methods!EA5aNEE this REPPRINEECE MiesRsieTE vRiodiHartie GelpERiBEBr AR RShioh NABBUL 3,
as is obtgietycupy, Usmramrlenahaniesritmethbexpaahiused exclusively as alcohol

component for the esterification process with terephthalic acid, the terephthalate is solid 15 at room
temperature and cannot then be processed conventionally. If a mixture made of isononanol and

3,5,5-trirpethwibevanatis og o produsingtierephthalic esters (see Examples 1.6 and 1.7), the
products obtained are solid or liquid at room temperature, and this varies with the average degree of

branéhinf 8 AR'AYT IR DSt pisroTgaNsRs an SRiesrainRmhip DiNJNY Bot BRGin2mmediately

after or during the cooling 20 procedure but only after several hours or several days. Esters which do
not exhibit any melting_signals when measured in DSC, and which exhibit a glass transition well below
room tefipEEHRHD BANRERIFASESFHY have the best processability, since by way of example they can

be storetie W@ﬁ@df&h@@@téﬁﬂﬁﬁ%@@%@%@ﬁ%@%@@e@HY%%M Igs aRdLAN g
conveyeéi[vi guméwithout difficulty. Esters which exhibit not only a glass transition but also one or
"ﬁ@ ifh

more m r?ﬁ?eaﬁséﬂﬁ#@ﬁﬁcfbram, therefore exhibiting semicrystalline behaviour, cannot
gengrally be processed under European winter conditions (i.e. at temperatures extending to -20C),

because_of premature solidification. According to the present 30 results, the presence or absence of
melting Boints HepEHASHATARIDAYAYSGE ree of 36 branching of the ester groups. If the degree of

branchinthis hetow abbtbahvestethorfiar:ahiak adbaviRe felingsignsts iy the DSC

thermogram and exhibit ideal suitability for processing in expandable plastisols. 5 Example 2:
Production of expandable/foamable PVC plastisols (without filler and/or pigment) The advantages of

inventives pixstiseis vati 6ave e dtestriatbnsing a thermally expandable PVC plastisol that contains no

filler and no pigment. The inventive plastisols
15 dT?we VAter content of the esF‘gers praduced was determined to DIN 51777 Part 1 (Direct

Method).

7. Determination of intrinsic viscosity
The intrinsic viscosity (shear viscosity) of the esters produced was determined by using

20 a Physica MCR 101 (Anton-Paar) with Z3 measurement system (DIN 25 mm) in
rotation mode by the following method:

Ester and measurement system were first controlied to a temperature of 20°C, and then
the following procedures were activated by the “Rheoplus” software:

25
1. Preshear at 100 s™ for a period of 60 s with no measured values recorded (in order to
achieve stabilization with respect to any thixotropic effects that may arise and to
improve temperature distribution).



10 hereinbelow are inter alia exemplary of thermally expandable plastisols used in the production of
floor coverings. More particularly, the inventive plastisols hereinbelow are exemplary of foam layers
used as back-side foams in PVC floorings of multilayered construction. The formulations presented are
phrased in general terms, and can/have to be adapted by a person skilled in the art to the specific
processiﬁ\é{iag‘@,(%gg%% requirements applicable in the particular use se€terl/BR3011/069039
2012/069283PCT/EP2011/069039 37 Table 2: Composition of expandable PVC plastisols from
Example 2 [all data in parts by mass] Plastisol reciﬁé(Ex. 2) 1111 NM 6 Vinnolit MP 6852 100 100
100 100 100 100 VESTINOLO 950  dinonyl terephtha ate as per Ex. 1.1 50

2. A decreasing shear rate profile, starting at 500 s and ending at 10 s, divided into a
logarithmic series with 20 steps each with measurement point duration of 5s

(verification of Newtonian behaviour).

5 All of the esters exhibited Newtonian flow behaviour. The viscosity values have been

stated by way of example at a shear rate of 42 s7°.

8. Determination of loss of mass
Loss of mass at 200°C from the esters produced was determined with the aid of a

10 Mettler halogen dryer (HB43S). Measurement parameters set were as follows:

Temperature profile: Constant 200°C
Measured value recording: 30 s
Measurement time: 10 min
15 Amount of specimen: 5 g
The measurement process used disposable aluminium dishes (Mettler) and an HS 1
fibre filter (glass non-woven from Mettler). After stabilization and taring of the balance,
the specimens (5 g) were uniformiy distributed on the fibre filter with the aid of a
disposable pipette, and the measurement process was started. Two determinations
20 were carried out for each specimen and the measured values were averaged. The final

measured value after 10 min is stated as “Loss of mass after 10 minutes at 200°C”.

9. DSC analysis method, determination of enthalpy of fusion

Enthalpy of fusion and glass fransition temperature were determined by differential
25 calorimetry (DSC) to DIN 51007 (temperature range from — 100°C to + 200°C) from the

first heating curve at a heating rate of 10 K/min. Before the measurement process, the

specimens were cooled to — 100°C in the measurement equipment used, and then

heated at the heating rate stated. The measurement was carried out under nitrogen as

inert gas. The inflection point of the heat flux curve is taken as the glass transition



| dinonyl terephtha ate as per Ex. 1.3 50 dinonyl terephthalate as per Ex. 1.7 50 dinonyl
terephthalate as per Ex. 1.6 3 MENEM MINE 50 Inalanil 0.70.70.70.7 50 0.7 VESTINOL(r) INB
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temperature. Enthalpy of fusion is determined via integration of the peak area(s), by

using software in the equipment.

10. Determination of plastisol viscosity
The viscosity of the PVC plastisols was measured using a Physica MCR 101 (Anton-

Paar) with “Z3” measurement system (DIN 25 mm) in rotation mode.

The plastisol was first homogenized manually with a spatula in the mixing container and
then charged to the measurement system and measured isothermally at 25°C. The

procedures activated during the measurement were as follows:

1. Preshear at 100 s™* for a period of 60 s with no measured values recorded {in order to

achieve stabilization with respect to any thixotropic effects that may arise).

2. A decreasing shear rate profile, starting at 200 s™ and ending at 0.1 s, divided into a

logarithmic series with 30 steps each with measurement point duration of 5 seconds.

The measurements were generally (unless otherwise stated) carried out after 24 h of
storage/ageing of the plastisols. The plastisols were stored at 25°C prior to the
measurements.

11. Determination of gelling rate

The gelling behaviour of the plastisols was studied in a Physica MCR 101 in oscillation
mode using a plate-on-plate measurement system (PP25), operated with shear-stress
control. An additional temperature-control hood was attached to the equipment in order

to optimize heat distribution.

Measurement parameters:

Mode: Temperature gradient (femperature profile)

Starting temperature: 25°C



- Unifoam AZ Ultra 7043  zinc oxide 0.7 ** = comparative example* = according to invent on 5 The
materials and substances used are more particularly elucidated in what follows: Vinnolit MP 6852:
microsuspension PVC (homopolymer) with K-value (as per DIN EN ISO 1628-2) of 68; from Vinnolit
GmbH & Co KG. io VESTINOLO 9: diisononyl orthophthalate (DINP), plasticizer; from Evonik Oxeno
GmbH. VESERB(WIRE3 isononyl benzoate, plasticizer; from Evonik OxerR3HR200AIREIAILZ Ultra
7043: azodicarbonamide; thermally activatable blowing agent; from Hebron S.A. is Zinc oxide: Zn0;
decomposition catalyst for thermal blowing agent; 18&ers the inherent decomposition temperature of
the blowing agent; also acts as stabilizer; "Zinkoxid aktiv(r); from Lanxess AG. The zinc oxide was
premixed with a sufficient amount (portion) of the particular plasticizer used and then added. 38 The
liquid and solid constifUBAtSBNBSEHIRAlNER Were weighed separately into a suitable PE beaker in
each case. The mixtup@e\gﬁﬁd)@ggiﬁ%@pewgm(%ﬁste spatula until all the powder had been wetted.
The plastisols were mixed uSing a VDKV30-3 Kreiss dissolver (from Niemann). The mixing beaker was
clamped into the clanmpigiladoicé ofSemhey dfssoivieias el Apmisier dism(itrotied disc, finely toothed, 0:
50 mm) was used to enize the sample. For this, the dissolver speed was raised continuously
from 330 rpm to 2000})%1%,garr%ésqgﬁﬂayw@&ggﬁﬁrﬁﬁqe@guntil the temperature on the digital display of the
temperature sensor reaomée: 36t Oz deimperattimointiease due to frictional energy/energy dissipation;
see for example N.P. Cheremisinoff: "An ip Introduction to Polymer Rheology and Processing”; CRC
Press; London; 1993). ?M%@Mﬁﬁ% @‘ﬁ%l‘é’ﬂ @Tét'ﬁ‘f@ plastisol was homogenized with defined
energy input. Thereaftes, nectemresaiyipidhediastisol was immediately brought to 25.0C. Example
3: 15 Determination of plastisol viscosity after 24 h of storage time (at 25C) of thermally expandable
plastisols produced inESASiNEDeRAsE AR RN @ Rstisols produced in Example 2 were
measured using a Physi o9 {Raar-Physica) rheometer, in accordance with the procedure
described in 20 Analysis, point 10 (see above). Table (3) below shows the results by way of example
for Aear rates 100/s, 10/s7 1/s and 0.1/s.

Measurement method:

A spatula was used to apply a drop of the plastisol formulation to be measured, free
from air bubbles, to the lower plate of the measurement system. Care was taken here to
ensure that some plastisol could exude uniformly out of the measurement system (not
ts  more than about 6 mm overall) after the measurement system had been closed. The
temperature-control hood was then positioned over the specimen and the measurement
was started.
The “complex viscosity” of the plastisol was determined as a function of temperature.
The onset of the gelling process was discernible via a sudden marked rise in complex
20 viscosity. The earlier the onset of this viscosity rise, the better the gelling capability of
the system.
interpolation was used on the resultant measured curves to determine, for each
plastisol, the temperature at which a complex viscosity of 1000 Pa - s or, respectively,
10 000 Pa®s had been reached. In addition, a tangent method was used to determine
25 the maximum plastisol viscosity reached in this experimental system, and the
temperature from which maximum plastisol viscosity occurs was determined by

dropping a perpendicular.



© WO 2012/069283PCT/EP2011/069039 39 Table 3: Shear viscosity of plastisols from Example 2 after
24 h of storage at 25C. Plastisol recipe as per Ex. 2 1** 3 4 5** 6** shear viscosity at shear rate =
100/s [Pa*s] 6.11 6.48 9.64 10.15 22.2 1 shear viscosity at shear rate = 10/s pa*s] 4.38 3.49 5.01 5.45

10.9 1.1 shear viscosity at shear rate = 1/s [Pa*s] 4.95
WO 2012/069283 PCT/EP2011/069039
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12. Production of foam foils and determination of expansion rate
Foaming behaviour was determined using a thickness gauge suitable for plasticized
PVC measurements (KXL047 from Mitutoyo) to an accuracy of 0.01 mm. A Mathis
Labcoater (type: LTE-TS; manufacturer: W. Mathis AG) was used for foil production
5 after adjustment of the roll blade to a blade gap of 1 mm. This blade gap was checked
with a feeler gauge and adjusted if necessary. The plastisols were coated with the roll
blade of the Mathis Labcoater onto a release paper (Warran Release Paper: from Sappi
Ltd.) stretched flat in a frame. To be able to compute percentage foaming, first an
incipiently gelled and unfoamed foil was produced at 200°C/30 seconds’ residence time.
16 The thickness of this foil (= original thickness) was in all cases between 0.74 and
0.77 mm at the stated blade gap. Thickness was measured at three different points of
the foil.
Foamed foils (foams) were then likewise produced with/in the Mathis Labcoater at 4
different oven residence times (60 s, 90 s, 120 s and 150 s). After the foams had cooled
15 down, the thicknesses were likewise measured at three different points. The average
value of the thicknesses and the original thickness were needed to compute the
expansion. (Example: (foam thickness-original thickness)original thickness*100% =

expansion).

20 13, Determination of yellowness index
The YD 1925 yellowness index is a measure of yeliow discoloration of a sample
specimen. This yellowness index is of interest in the assessment of foam sheets in two
respects. First, it indicates the degree of decomposition of the blowing agent
azodicarbonamide (yellow in the undecomposed state) and, secondly, it is a measure of

25 thermal stability (discolorations due to thermal stress). Colour measurement of the foam
sheets was done using a Spectro Guide from Byk-Gardner. A (commeraially available)
white reference tile was used as background for the colour measurements. The

following settings were used:



"~ 4.3 4.55 8.23 2 shear viscosity at shear rate = 0.1/s [Pa*s] 7.74 4.68 5.62 5.91 11.35. ** =
comparative example* = according to invent on 5 The terephthalic esters used according to the
invention result in PC plastisols which, compared with plastisols based on the present standard

plasticizer DINP, ?ﬁg éiistinctly lower paste viscosity in the region of low shear rates, v_vhile they are
at the saﬁ%@ I%@)? % omparable DINP paste or slightly thereabove in tR&HEBRGT HiepOoFEar

rates. Compared with the isononyl benzoate-based plastisol (6), the PVC 10 plastisols of the invention
have a higher plastisol viscosity at high shear rates?8nd the same or even lower viscosity values in the
region of low shear rates. The dependency of plastisol viscosity on the degree of branching of the
terephthalic esters ? d is very readily apparent. While the terephthalic esters used according to the
invention, U?ﬁ%ea% ree of ester group branching of up to 2.5, lead to plastisols having very good 15
processiNgrptepearfias:sdastisa i), vhich was obtained on the basis of the more branched
comparative example 1.6, shows a very much higher shear viscosity, and can for example no longer
be readi '?)%aéé r@% lus‘?fn% the common coating technologies (by blade coating for example). The INB

plastisolihasamexterselyipwoascosity, which is
5
The measurements themselves were carried out at 3 different points of the samples (at
a plastisol blade thickness of 200 pm for effect and flat foams). The values obtained

from the 3 measurements were averaged.

10 Example 1:
Production of terephthalic esters

1.1 Production of diisononyl terephthailate (DINT) from terephihalic acid and

isononanol from Evonik Oxeno GmbH (in the invention)

15 644 g of terephthalic acid (Sigma Aldrich Co.), 1.59 g of tetrabuty! orthotitanate (Vertec
TNBT, Johnson Matthey Catalysts) and 1440 g of an isononanol (Evonik OXENO
GmbH) produced by way of the OCTOL process were used as initial charge in a 4 litre

stirred flask with water separator and superposed high-performance condenser, stirrer,
immersed tube, dropping funnel and thermometer, and the mixture was esterified as far

20 as 240°C. After 8.5 hours, the reaction had ended. The excess alcohol was then
removed by distillation as far as 190°C and < 1 mbar. The mixture was then cooled to
80°C and neutralized using 8 ml of a 10% strength by mass aquecus NaOH solution.
Steam distillation was then carried out at a temperature of 180°C and at a pressure of
from 20 to 5 mbar. The mixture was then cooled to 130°C and dried at 5 mbar at this

25 temperature. After cooling to < 100°C, the mixture was filtered through filter aid (perlite).

The resultant ester content (purity) according to GC was 99.9%.

1.2 Production of diisononyl terephthalate (DINT) from dimethyl terephthalate

(DMT) and isononanol from Evonik Oxeno GmbH (in the invention)




also distinctly below the viscosity of the DINP standard plastisol at high shear rates in 20 particular.
Thus, the terephthalic esters used according to the invention provide 40 expandable plastisols which
at high shear rates have a similar processability to the analogous DINP plastisols, but, owing toI their
lower plastisql.viscosity at low shear rates, exhibit a distinctly more uniform flow in sprayed application
for exgn?gé%ggf%é%}% Determination of gelling behaviour of thermally%gaéﬁagglé L
produced in Example 2 The gelling behaviour of the thermally expandable plastisols produced in
Example 2 10 was tested as described under Anal@s point 11. (see above) using a Physica MCR 101
in oscillation mode following plastisol storage at 25C for 24 h. The results are shown below in Table 4.

e B R e s BE S RS R o
6** reactiitegtapisBIolisensity MERAGY CatawiiThia fatfaBBsHDPAGRd eaehing1a pRstiso!
viscosit;gs%fn%%gggi I?F?\i&?iﬂ&(ﬁ\l%%#ﬁéﬁ?were used as initial charge in a 4 litre stirred flask

with distillation bridge with reflux divider, 20 cm Multifill column, stirrer, immersed tube,

5 dropping funnel and thermometer. The mixture was slowly heated, with stirring, until no
residual solid was visible. Heating was continued until the reflux divider produced
methancl. The reflux divider was adjusted in such a way as to keep the overhead
temperature constant at about 65°C. Starting at a bottom 'tempera’ture of about 240°C,
the remaining alcohol was added slowly in such a way as to keep the temperature in the

10 flask constant and maintain adequate reflux. From time to time, a specimen was studied
by means of GC, and diisononyl terephthalate content and methyl isononyl
terephthalate content were determined. The transesterification process was terminated
when methyl isononyi terephthalate content was < 0.2 area % (GC). The work-up was
analogous to the work-up described in Example 1.1.

15

1.3 Production of diisononyl terephthalate (DINT) from terephthalic acid and

isononanol from ExxonMobil (in the invention)

830 g of terephthalic acid (Sigma Aldrich Co.), 2.08 g of tetrabuty! orthotitanate (Vertec
TNBT, Johnson Matthey Catalysts) and 1728 g of an isononanol (Exxal 9, ExxonMobil
20 Chemicals) produced by way of the polygas process were used as initial charge in a 4
litre stirred flask with water separator and superposed high-performance condenser,
stirrer, immersed tube, dropping funnel and thermometer, and the mixture was esterified
at 245°C. After 10.5 hours, the reaction had ended. The excess alcohol was then
removed by distillation at 180°C and 3 mbar. The mixture was then cooled to 80°C and
25. neutralized using 12 ml of a 10% strength by mass aqueous NaOH solution. Steam
distiltation was then carried out at a temperature of 180°C and at a pressure of from 20
to 5 mbar. The mixture was then dried at 5 mbar at this temperature and, after cooling

to < 100°C, filtered. The resultant ester content (purity) according to GC was 99.9%.



© 131 127.5 68 maximum plastisol viscosity [Pa*s] 45000 21100 17800 17200 18900 85300 temperature
onreaching maximum plastisol viscosity [C] 116 139 142 141 142 82 = comparative example* =
according to invention 41 properties. They not only gel more slowly and/or at higher temperatures,
they alsq {5 %t%alf the final viscosity achieved via the comparable DINP plastisol (again at
distinctly high%larfgﬂgg atures). According to established textbook opinion (5@%@‘&81 HEPER in
D.Klempner, V.Sendijarevic (ed.); "Polymeric Foams.and Foam 5 Technology"; Hansel.; Munich; 2004,
chapter 9.3.2.9) they should accordingly lead to foaris of higher foam density, i.e. lower expansion.
The INB plastisol, both compared with the DINP standard plastisol and compared with the

terephthglate, plastisols of the.invention, exhibit: f Il %'{% . gelling at distinctly lower
temperaﬁj'?ggpg%’s %ﬁs%nh%ézno ASEOSHR m& gﬁ?ﬂ? A A Randard. 10
42 Examptrandlraohoirar alf feaax doilplehd determination of expansion/foaming behaviour of

therma"%?/xé)r"f‘é]g%?l\%i%aé%%%faet ? .q(,)%gcr)%%%%??é?gEw)éamglr?cﬁ Co.), instead of the isononanol,

was esterified with terephthalic acid and worked up as described above. The product,

5 which according to GC had > 99.8% ester content (purity), solidified on cooling to room

temperature.



5 Production of foam foils and determination of expansion/foaming behaviour were done in
accordance with the procedure described under Analysis point 12. The average value of the
thicknesses and the original thickness of 0.76 mm were used to compute the expansion. The results
are shown below in Table 5. 10 Table 5: Expansion of polymer foams/foam foils obtained from
thermally €2 tABRY8R&tisols (as per Ex. 2) at different oven residence tifHeE/RAHIE06I0&ESater (at
200C). Plastisol recipe (as per Ex. 2) 1** 2* 4* 5** 6** expansion after 60 s [%] 42 35 62 49 22 8
expansion after 90 s [k] 400 386 393 385 420 326 é’bﬂpansion after 120 s [%] 481 508 495 522

1.5 Production of diisononyl terephthalate (DINT) from terephthalic acid and 3,5,5-

trimethylhexanol (comparative example)

By analogy with Example 1.1, 3,5 5-trimethylhexanol (OXEA GmbH), instead of the
isononanol, was esterified with terephthalic acid and worked up as described above.
5 The product, which according to GC had > 99.5% ester content (purity), solidified on

cooling to room temperature.

1.6 Production of diisgnonyl terephthalate (DINT) from terephthalic acid,

isononanol and 3,5,5-trimethythexancl {comparative example)

10 166 g of terephthalic acid (Sigma Aldrich Co.), 0.10 g of tetrabutyl orthotitanate (Vertec

TNBT, Johnson Matthey Catalysts) and an alcohol mixture made of 207 g of an
isononanol (Exxal 8, ExxonMobil Chemicals) produced by way of the polygas process
and 277 g of 3,5,5-trimethylhexanol (OXEA GmbH) were used as initial charge ina 2
litre stirred flask with water separator, high-performance condenser, stirrer, immersed
15 tube, dropping funnel and thermometer, and were esterified as far as 240°C. After
10.5 hours, the reaction had ended. The stirred flask was then attached to a Claisen
bridge with vacuum divider, and the excess alcohol was removed by distillation as far as
190°C and < 1 mbar. The mixture was then cooled to 80°C and neutralized using 1 mi
of a 10% strength by mass aqueous NaOH solution. The mixture was then purified via
20 passage of nitrogen (“stripping”} at a temperature of 190°C and a pressure of < 1 mbar.
The mixture was then cooled to 130°C, and dried at < 1 mbar at this temperature and,
after cooling to 100°C, filtered. The resultant ester content {(purity) was 99.98%
according to GC.

25 1.7 Production of diisgnonyl terephthalate (DINT) from terephthalic acid,

isononanol and 3,5,5-trimethyihexanol (in the invention)
166 g of terephthalic acid (Sigma Aldrich Co.), 0.10 g of tetrabutyl orthotitanate (Vertec

TNBT, Johnson Matthey Catalysts) and an alcoho! mixture made of 83 g of an
isononanol (Exxal 9, ExxonMobil Chemicals) produced by way of the polygas process
30 and 153 g of 3,5,5-trimethylhexanol (OXEA GmbH) were used as initial charge in a 2



' 528 420 ** = comparative example* = according to invention 1.5 Compared with the current standard
plasticizer DINP, distinctly higher foam heights/expansion rates are achieved after a residence time of
120 seconds. The corresponding INB plastisol (plastisol recipe 6) reaches distinctly lower expansion
values in all cases, both compared with the DINP standard sample and compared with 20 the
plastisolw&t%%%(p@r%@ﬁ Thermally expandable plastisols are thus provid& e UEEHEO@IRIent
disadvantages in gelling behaviour (see Example 4), have distinct advantages in thermal
expandability, and thus permit faster processing a I processing at lower processing temperatures.
43 The completeness of the decomposition of the blowing agent used and hence the progress of the
expansion groces is also evident from the colour of the foam produced. The lower the yellowness of

the foan' (TS HrERARR e HYIRIES SHRBRAIRE SIGARSATRI8REECRAS AaRaIn SEFreT HEVERBYSess index
of the paiymesdiepmisicramisitsry asbiersrhdiExABRR R asdetRiniRedinacogrdansayith Analysis

point 13 ﬁjeg above), is shown below in Table 6. Table 6: Y, D1925 yellowness indices of polymer
foams protac iﬁéb&&%@&@%ﬁ?ﬂi?&%@ﬂé‘@%&@&@% was thar giigehachindtdaispitiex after
60s [%) bricfs WiB. 905286 LiRiaérd aedaninessdedencalien QRS [e¥Rbwi3R Qistillation as far as

5 190°C and < 1 mbar. The mixture was then cooled to 80°C and neutralized using 1 ml
of a 10% strength by mass aqueous NaOH solution. The mixture was then purified via
passage of nitrogen (“stripping”) at a temperature of 190°C and a pressure of < 1 mbar.
The mixture was then cooled tc 130°C, and dried at < 1 mbar at this temperature and,
after cooling to 100°C, filtered. The resultant ester content (purity) was 99.98%

16 according to GC.



' 29.4'33.1 31.5 31.2 yellowness index after 120s [

example* = according to inventio

n True, the expan

o

212021 19.3 18.5 18.1 10= comparative
able plastisols which, in accordance with the

invention, contain terephthalic es istinctly higher i yelttowngssindex-after-aresidence
time of 90 seconds in somg instances than the cd Raparable DINP foam, but after 120 seconds 15 they
do achieve a distinctly Iowér level in some ifistan¢8s. The INB plastisol starts from @ distinctly higher
level, is still higher than thg DINR standardin thejcase of a 90 s residence time; afndendson a
comparable level to the pl tlsol<§]g)rod ced-en thebasis of the gerephthalic estersi@sed accprding to
the invention. It is thus ag&n found that rfﬁegterep hthalic esters tised accdrding to tt& inventjon, and
the thermally expandable 20 plastisals of the invention which are obtairigd therefrom, permit distinctly
faster processing comparégl with|t@e ‘existing stardard plasticizer DINE 44 Example 6: Proguction of
expandable/foamable PVG:pIastlsoIs (us,gnggflllgr and pigment) The advantages of!inventive|plastisols
will now be illustrated using a the rJ;na,_y @eg)agdable PVC plastisol containing filler and pigment. The
inventive plastisols hereinigelow ag]e hgteéa@ exelfplary of theFmaIIy expandable pﬁFastlsoIs used in the
production of floor coverings. More part.cularly, tHe-inventive-plastisols Hereinbeloll are exe plary of
foam layers used as printgble angd/or inhibitable top-side foams in PVC floorings of multilayered
construction. 10 The plast{zols wgte produced similarly to Example 2 except for a changed recipe. The
component weights used for the V‘@.I’I@JS@|aStISOL> aresdlscernQbIe from the foIIowing Table (7): 15 WO
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45 Table 7; Composition of filled and pigmented3éxpandable PVC plastisols as per Example 6. [All
data in parts by mass] Plastisol recipe (Ex. 6) 1** NNW Vinnolit MP 6852 60 60606060 60
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" dinonyl terephthalate as per Ex. 1.7 .1. 45 dinonyl terephthalate as per Ex. 1.6 INS 45 1. 45
isononyl benzoate  Calib ite - OG 60 60 1111 60 60 KRONOS 2220 4

10

15

20

25

30

WO 2012/069283 PCT/EP2011/069039
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- The difference between the isononyl benzoate (INB) described in the prior art for the

production of polymer foams and the diisononyl terephthalates used according to the
invention becomes particularly clear through the dramatic difference in volatility (loss of
mass after 10 minutes at 200°C). Isononyl benzoate is found to give a 20 times higher
value. This high volatility is the reason why INB can only be used to a limited extent in

many interior applications, if at all.

When unbranched alcohol (n-nonanol; degree of branching = 0) is used to produce the
terephthalic esters, the product, as would be expected, is the unbranched terephthalate.
At room temperature this is a solid, and conventional methods cannot use this to
produce a plastisol. Even when the degree of branching is high, about 3, as is obtained
by way of example when 3,5,5-trimethylhexén'oi is used exclusively as alcohol
component for the esterification process with terephthalic acid, the terephthalate is solid
at room temperature and cannot then be processed conventionally. If a mixture made of
isononanol and 3,5,5-trimethylhexanol is used for producing the terephthalic esters (see
Examples 1.6 and 1.7}, the products obtained are solid or liquid at room temperature,
and this varies with the average degree of branching. The hardening process here

generally involves a delay, i.e. does not begin immediately after or during the cooling

“procedure but only after several hours or several days.

Esters which do not exhibit any melting signals when measured in DSC, and which
exhibit a glass transition well below room temperature, are considered to have the best
processability, since by way of example they can be stored in unheated outdoor tanks at
any time of year anywhere in the world, and can be conveyed via pumps without
difficulty. Esters which exhibit not only a glass transition but also one or more melting
signals in the DSC thermogram, therefore exhibiting semicrystalline behaviour, cannot
generally be processed under European winter conditions (i.e. at temperatures
extending to -20°C), because of premature solidification. According to the present

results, the presence or absence of melting points depends primarily on the degree of



| 4 4 4 4 isopropanol 2 2la 2111111 1.5 0.850.85 0.85 111 0.85 Ma 1.5 0.85 Unifoam AZ Ultra 7043
1.5 zinc oxide 0.85 ** = comparative example* = according to invention 5 The mater.ials and
substances used, unless already apparent from the preceding examples, are more particularly

elucidateg) & 381 RE8% PCT/EP2011/069039

36

branching of the ester groups. If the degree of branching is below 2.5 but above 1, the
esters obtained have no melting signals in the DSC thermogréam and exhibit ideal

suitability for processing in expandable plastisols.

5  Example 2:
Production of expandable/foamable PVC plastisols (without filler and/or pigment)

The advantages of inventive plastisols will now be iliustrated using a thermally
expandable PVC plastisol that contains no filler and no pigment. The inventive plastisols
16 hereinbelow are inter alia exemplary of thermally expandable plastisols used in the
production of floor coverings. More particularly, the inventive plastisols hereinbelow are
exemplary of foam layers used as back-side foams in PVC floorings of multilayered
construction. The formulations presented are phrased in generai‘t@rms, and can/have to
be adapted by a person skilled in the art to the specific processing and service

15 requirements applicable in the particular use sector.



" Calibrite-OG: calcium carbonate; filler; from OMYA AG. 1() KRONOS 2220: Al- and Si-stabilized rutile
pigment (Ti02); white pigment; from Kronos Worldwide Inc. Isopropanol: cosolvent for lowering
plastisol viscosity and also additive for improving foam structure (from Brenntag AG). 46 Example 7:
Determination of plastisol viscosity of filled and pigmented thermally expandable plastisols from
Example 63t 8drage period of 24 h (at 25C) 5 The viscosities of tREPIESROK! 68088 in
Example 6 were measured as described under Analysis point 10. (see above) using a Physica MCR
101 rheometer (from PaarPhysica). The results are’shown in the following Table (8) for the shear rates
100/s, 10/s, 1/s and 0.1/s by way of example. to Table 8: Shear viscosity of plastisols from Example 6
after 24 h storage at 25C. Plastisol recipe asSBter Ex. 6 1" 2* 4* 5** shear viscosity at shear rate =

[

100/s [P424)8 3 G0 8esition of ekeardaiiedty atinstisoladren Gygmels 2 6 d@a in parts by

mass}
Plastisol recipe (Ex. 2) 7 |2 |3% |4* |5 |
Vinnolit MP 6852 100100100100 100 | 100
VESTINOL® 9 50
dinonyl terephthalate as per Ex. 1.1 50
dinonyi terephthalate as per Ex. 1.3 50
dinonyl terephthalate as per Ex. 1.7 50
dinonyl terephthalate as per Ex. 1.6 50
VESTINOL® INB . 50
Unifoam AZ Ultra 7043 3 3 13 3 |3 3
zinc oxide 0.7 10.7 |10.7 10.7 |0.7 0.7
** = comparative example * = according to invention

The materials and substances used are more particularly elucidated in what follows:

Vinnolit MP 6852: microsuspension PVC (homopolymer) with K-value (as per
DIN EN ISO 1628-2} of 68; from Vinnolit GmbH & Co KG.
10 VESTINOL® 9: diisononyl orthophthalate (DINP), plasticizer; from Evonik Oxeno
GmbH.
VESTINOL® INB: isononyl benzoate, plasticizer; from Evonik Oxeno GmbH.
Unifoam AZ Ultra 7043: azodicarbonamide; thermally activatable blowing agent; from
Hebron S.A. _ |
15 Zinc oxide: ZnO; decomposition catalyst for thermal blowing agent; lowers the inherent
decomposition temperature of the blowing agent; also acts as stabilizer; “Zinkoxid
aktiv®; from Lanxess AG. The zinc oxide was premixed with a sufficient amount

(portion) of the particular plasticizer used and then added.



9.3 n.db. 1.3 shear viscosity at shear rate = 1/s [Pa*s} 10.6 8.9 11.1 12.8 306 2.4 shear viscosity at
shear rate = 0.1/s [Pas] 21 16.4 20.2 24.4 529 6.9 = comparative example* = according to the
invention The plastisol based on isononyl benzoate (INB) (comparative example; plastisol recipe 15 6)
has the lowest shear viscosity at all reported shear rates. The plastisols of the invention, compared
with the BHNR2U$882%andard plasticizer, have in some instances an appREGEER 26044133289
viscosity, leading to distinctly improved processing properties, more particularly to an appreciably
increased rate of application in spread and/or blade3€oating. The influence of branching on plastisol
viscosity is 20 distinctly apparent. The sample measured as sample 5 (comparative sample) with a 47

The liguid and solid constituents of a formulation were weighed separately into a
suitable PE beaker in each case. The mixture was hand stirred with a paste spatula until
all the powder had been wetted. The plastisols were mixed using a VDKV30-3 Kreiss
dissolver (from Niemann). The mixing beaker was clamped into the clamping device of
5 the dissolver stirrer. A mixer disc (toothed disc, finely toothed, @: 50 mm) was used to
homogenize the sample. For this, the dissolver speed was raised continuously from
330 rpm to 2000 rpm, and stirring was continued until the temperature on the digital
display of the temperature sensor reached 30.0°C (temperature increase due to
frictional energy/energy dissipation; see for example N.P. Cheremisinoff. “An
10 Introduction to Polymer Rheology and Processing”; CRC Press; London; 1993). It was
accordingly ensured that the plastisol was homogenized with defined energy input.

Thereafter, the temperature of the plastisol was immediately brought to 25.0°C.

Example 3:
15 Determination of plastisol viscosity after 24 h of storage time (at 25°C) of

thermaily expandable plastisols produced in Example 2

The viscosities of the plastisols produced in Example 2 were measured using a Physica
MCR 101 (Paar-Physica) rheometer, in accordance with the procedure described in

20 Analysis, point 10 (see above). Table (3) below shows the results by way of example for
shear rates 100/s, 10/s, 1/s and 0.1/s.



degree of branching of 2.8 exhibits even at low shear rates a viscosity which is higher by an order of
magnitude compared with the other samples, while at higher shear rates the measurement had to be
discontinued on account of measurement tolerance being exceeded. This is accordingly evidence that
plastisols of this type cannot be processed.-5 By contrast, the invention provides plastisols which -
dependW@o?ptH@yQﬁ%ﬁé of branching chosen - have similar processing pfRp&rE2td] boeR@Sistinctly
improved processing properties than, plastisols based on the standard plasticizer DINP. Example 8:
10 Determination of gelling behaviour of filled and $%gmented thermally expandable plastisols from
Example 6 The gelling behaviour of the filled and pigmented thermally expandable plastisols obtained
in Example 6 was tested as described in Analysis point 11 (see above) using a 15 Physica MCR 101
in oscilld@rento &b esllovargSinsisdnstinelgdraip 5@ampia b aftae 24Juis sty atowhE16w in Table
(9). Table 9: Key points of gelling behaviour determined from gelling curves (viscosity curves) for filled
and pigmented expandable plastisols obtained as per Example 6. 20 WO
2012/069 IBQ@EQ’dEF&ﬁ&é/@@S&B%B Plastisol fecipe (88 per Bx. 6)4** 1 2'53* 5fg*reaching a

plastisol of1000Rats-at{C}-82-113-11/-118-118- 67 reaching-a-plastisolviscosity of 10 000

I \;UQIL UT L YUUTU T QAo u.!.L J O 10

Pa*s at [<~j‘» car viscosily at 6.11 [6.48 |9.64 [10.15 [22.2 |1
shear rate = 100/s {Pa*s]

shear viscosity at 4.38 1349 {501 {545 109 |11

- | shear rate = 10/s [Pa*s]

shear viscosity at 495 |3.37 |43 455 1823 (2

shear rate = 1/s [Pa*s]

shear viscosity at 7.74 1468 [562 1591 [11.3 |51
shear rate = 0.1/s [Pa’s]

** = comparative exampie - "= according to invention

5 The terephthalic esters used according to the invention result in PC plastisols which,
compared with plastisols based on the present standard plasticizer DINP, have a
distinctly lower paste viscosity in the region of low shear rates, while they are at the
same level as the comparable DINP paste or slightly thereabove in the region of high
shear rates. Compared with the isononyl benzoate-based plastisol (6), the PVC

10 plastisols of the invention have a higher plastisol viscosity at high shear rates and the
same or even lower viscosity values in the region of low shear rates. The dependency
of plastisol viscosity on the degree of branching of the terephthalic esters used is very
readily apparent. While the terephthalic esters used according to the invention, having a
degree of ester group branching of up to 2.5, lead to plastisols having vety good

15 processing properties, plastisol (5), which was obtained on the basis of the more
branched comparative example 1.6, shows a very much higher shear viscosity, and can
for example no longer be readily processed using the common coating technologies (by
blade coating for example). The INB plastisol has an extremely low viscosity, which is
also distinctly below the viscosity of the DINP standard plastisol at high shear rates in

20 particular. Thus, the terephthalic esters used according to the invention provide



100 135 138 139 140 71 maximum plastisol viscosity [Pa*s] 31 300 16 400 14 900 13 900 13 700 45
200 temperature on reaching max. plastisol viscosity [C1 132 144 147 146 147 111 * = comparative
example* = according to invention As with the unfilled thermally expandable plastisols (see Example 4;
Table 4), the plastisol produced on the basis of isononyl benzoate (INB) gives the fastest gelling 5
and/or thé/lew8stZdefiiemperature for all plastisols reported. As is likewiSRCAFER201 60686 3Mfilled
plastisols, the filled plastisols show an appreciable difference in gelling behaviour between the DINP
plastisol (= standard) and the plastisols containing déhyl terephthalate. Gelling is slower with the
terephthalic esters and only starts at distinctly higher temperatures. Moreover, the maximum plastisol
viscosity attainable by gelling is io only about half as high as with the DINP plastisol. Accordingly, it
again ha@’tpaskiabimlegtipalstiehishnsih§isehabrarr vitpladipdis zoitailking roredgebditythalzite would

be distinghhoesesanB 3L tasiDINE: PBFHSS 1o their lower plastisol viscosity at low shear

rates, exhibit a distinctly more uniform flow in sprayed application for example.

5  Example 4:
Determination of gelling behaviour of thermally expandable plastisols produced

in Example 2

The gelling behaviour of the thermally expandable plastisols produced in Example 2
10 was tested as described under Analysis point 11. (see above) using a Physica MCR
101 in oscillation mode following plastisol storage at 25°C for 24 h. The results are

shown below in Table 4.

Table 4: Key points of geliing behaviour determined from gelling curves (viscosity
15 curves) of thermally expandabie plastisols produced as per Example 2.

Plastisol recipe (as per Ex. 2) 1** 2* 3* 4* 5% 6%
reaching a plastisol viscosity 80 925 |98 100 94 65

of 1000 Pa*s at [°C]

reaching a plastisol viscosity 835 | 124 128 131 127.5 | 68

of 10 000 Pa*s at [°C]

maximum plastisol viscosity 45000 | 21100 | 17800 | 17200 | 18900 | 85300
[Pa*s]

temperature on reaching maximum | 116 139 142 141 142 82
plastisol viscosity [°C]

** = comparative example * = according to invention

The thermally expandable plastisols of the invention evidently have a disadvantage
20 compared with the DINP plastisol (= standard plasticizer) in relation to gelling



Example 9: Production of foam foils and determination of expansion/foaming behaviour at 200C of
thermally expandable plastisols obtained in Example 6 5 Production of foam foils and determination of
expansion behaviour were done similarly to the procedure described under Analysis point 12 except
that the filled and pi%mented plastisols obtained in Example 6 were used. The results are shown in the

followingf@ut® {2§5885%ble 10: Expansion of polymer foams/foam foils oB@iEE &G {IER0Ad

pigmented thermally expandable plastisols (as per Ex. 6) at different oven residence times in Mathis
Labcoater (at 200C). Plastisol recipe (as per Ex. 6)‘&1"* 2* 5* expansion after 60 s[/o0]0 050208
expansion after 90 s [%] 230 190 250 192 300 224 expansion after 120s [%] 285 300

properties. They not only gel more slowly and/or at higher temperatures, they also reach
scarcely half the final viscosity achieved via the comparable DINP plastisol (again at
distinctly higher temperatures). According to established textbook opinion (e.g. F.Xing,
C.B.Park in D.Klempner, V.Sendijarevic (ed.); “Polymeric Foams and Foam

5 Technology®, Hanser; Munich; 2004; chapter 9.3.2.9) they should accordingly lead to
foams of higher foam density, i.e. lower expansion. The INB plastisol, both compared
with the DINP standard plastisol and compared with the terephthalate plastisols of the
invention, exhibits very fast gelling (i.e. gelling at distinctly lower temperatures) and also
has a maximum viscosity for this that is distinctly above the DINP standard.

10



315 300 360 184 ** = comparative example* = according to invention 15 As expected, the expansion
with plastisols containing fillers is distinctly lower than those without fillers (see Example 5). However,
as with the plastisols without filler, the plastisols containing the terephthalic esters used according to
the inveggg%%\%%ﬁé%\é?e distinctly higher foam heights after a residence time of 120 seconds
compar rent standard plasticizer. The plastisol recipe (6) B&SE&BAGd3BRFPBENz0ate
(INB), by contrast, only for up to a residence time of 90 seconds has an expansion which is at the level
of the DINP standard (1), but below the value (3) obtainable with the pastes of the invention, and
subsequently contracts again. The INB end sample (after 120 seconds) has a distinctly lower and
completegly unsatisfactory 50 expansion compared both with the DINP standard and with the plastisols
based oﬁ%ﬁ@-&f%%\hthalic esters used according to the invention. The comparative sample (5) based

on highlpfyanekiesh dbsaaamy! 81D BN e dnRTRARSE SS1VERLIATRRBIARNIY B@Héﬁ%ﬁ%@?'e for

industrial use because of its extremely disadvantoa eous rheological 5 behaviour (see Table 8).
Thermalf&palhy syegndakisplastisalmat A rradiicad v Examiele Yespite evident

disadvantages in gelling behaviour (see Example 8), have distinct advantages in thermal
expandability. Plastisols with fillers likewise make it possible (despite the presence of white pigment) io
to discefi?ne @i pétrasssiolsHndcdeiripusiabaropitexbrvgiog foemirsy ddicavioumramide deee and

e e fucgraaRAY inthARAReRRIRCass RN ABION Al e onm PR ARedyERsda el ke

yellowness of the foam, the greater the degree to which the expansion process Is

yellown&§dhigddN@mpssgslyaner farrnsgbweh fotkresaind i Example®; asedterinrtiiadoerdance
with An@yﬁ%@@m ﬁéﬁ%‘%@@’g?‘ééﬁtﬁm‘ﬂ@iwm‘? {ocuﬂg@g Table (11). Table 11: Y, 01925

yellowness indices of polymer foams obtained in Example 9. 20 Plastisol recipe (as per Ex. 6) 1**

10 Table 5. Expansion of polymer foams/foam foils obtained from thermally expandable

plastisols (as per Ex 2) at different oven residence times in Mathis Labcoater (at

200°C).
Plastisol recipe (as per Ex. 2) g R 4 3* 4* 5™ e
expansion after 60 s [%] | 42 35 62 49 22 8
expansion after 90 s [%] 400 |386 |393 (385 420 326
expansion after 120 s [%] 481 (508 495 |522 (528 [420
** = comparative example * = according to invention

i5

Compared with the current standard plasticizer DINP, distinctly higher foam
heights/expansion rates are achieved after a residence time of 120 seconds. The
corresponding INB plastisol (plastisol recipe 6) reaches distinctly lower expansioh
values in all cases, both Compared with the DINP standard sample and compared with
20 the plastisols of the invention. Thermally expandable plastisols are thus provided which,
despite evident disadvantages in gelling behaviour (see Example 4), have distinct
advantages in thermal expandability, and thus permit faster processing and/or

processing at lower processing temperatures.



- 3* 5% 6** yellowness index after 60 s [%] 22.8 23.1 23.2 22.7 23.5 23.9 yellowness index after 90
S[%] 19.5 20 19.2 19.2 18.2 17.6 yellowness index after 120 s [/0] 19.1 16.7 18.9 15.9 14.5 16.1 The
plastisol obtained on the basis of isononyl benzoate (INB) starts with the highest yellowness index for

all the plastisols measured, but drops to the level of the inventive
WO 2012/069283 PCT/EP2011/069039
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The completeness of the decomposition of the blowing agent used and hence the
progress of the expansion process is also evident from the colour of the foam produced.
The lower the yellowness of the foam, the greater the degree to which the expansion
process has advanced. The yellowness index of the polymer foams/foam foils produced

5 in Example 5, as determined in accordance with Analysis point 13 (see above), is
shown below in Table 6.

Table 6:Y; D1925 yeilowness indices of polymer foams produced in Example 5.

Plastisol recipe (as per Ex. 2) 2 3* 4% 5 g%

yellowness index after 60 s [%] 57 59.5 |58.5 |58.8 {61.8 [67.9

yellowness index after 90 s [%)] 29 32.6 1294 |33.1 1315 [31.2

yellowness index after 120 s [%] 21 20 21 19.3 (185 [18.1
10 ** = comparative example * = according to invention

True, the expandable plastisols which, in accordance with the invention, contain
terephthalic esters are still distinctly higher in yellowness index after a residence time of
90 seconds in some instances than the comparable DINP foam, but after 120 seconds
15 they do achieve a distinctly lower level in some instances. The INB plastisol starts from
a distinctly higher level, is still higher than the DINP standard in the case of a 90s
residence time, and ends on a comparable level to the plastisols produced on the basis
of the terephthalic esters used according to the invention. It is thus again found that the
terephthalic esters used according to the invention, and the thermally expandable
20 plastisols of the invention which are obtained therefrom, permit distinctly faster

processing compared with the existing standard plasticizer DINP.



plastisols after 120 seconds' residence time at 200C. After just 90 seconds, the 51 plastisols
containing the terephthalic esters used according to the invention are at the level of the DINP plastisol.
After 120 s, distinctly lower values are obtained than with DINP, i.e. the expansion process proceeds
distinctly faster. Filled plastisols are thus provided which, despite evident disadvantages in gelling,
permit a\ighed bHéesidg 5 speed and/or lower processing temperatures. FEXBfRPROTICL/ (BRksttion of
filled and pigmented expandable/foamable PVC plastisols for effect foams 10 The advantages of
inventive plastisols will now be illustrated using filletftand pigmented thermally expandable PVC
plastisols useful for production of effect foams (foams with special surface texture). These foams are
frequently also referred to as "boucl” foams after the appearance pattern known from the textile sector.
The invé&iﬁlﬂl&ﬁéols 15 hereinbelow are inter alia exemplary of thermally expandable plastisols

used in B AN 'o&%fxﬁgu) USLIRgS Mas ' | tg?%i tiv stisgls;h reinﬁlelow are

exemplary of foam[’fayers se§ %n Pvg v’x}g% C%\/%?ﬁ;jgﬁﬁ%%s p as(t]i}s/sgl% %%?p?&ﬁjéle??g% rly to

Example 2 except for a changed recipe. The component weights used for the various plastisols are

discernikle fro Tagle 12 below. 20. WO 20121069283PCT/EP2011/069039 52 Table 12:

Composqli%an ST g pf)gm'énﬁ’ &l '\éﬁpgﬁad%ﬁ%?%\y@pllagWsEt@fr&‘fﬁS%QZ plESRF et dHETRP NI ts by

mass]. RiaptisdiateleipB\IE Bladtistt* Vestaliify76lerSA2pRm2ht. The inventive plastisols
hereinbelow are inter alia exemplary of thermally expandable plastisols used in the
prqduction of floor coverings. More particularly, the inventive plastisols hereinbelow are
exemplary of foam layers used as printable and/or inhibitable top-side foams in PVC
floorings of muitilayered construction.

10

The plastisois were produced similarly to Example 2 except for a changed recipe. The
component weights used for the various plastisols are discernible from the following
Table (7):

15



25 25 Vinnolit E 67 ST 15 15 15 15 15 15 Vinnolit EP 7060 10 10 10 10 10 10 VESTINOLO 9 25
dinonyl terephthalate as per Ex. 1.1 20

WO 2012/069283 PCT/EP2011/0689039
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Table 7. Composition of filled and pigmented expandable PVC plastisols as per
Example 6. [All data in parts by mass]

Plastisol recipe (Ex. 6) 7 |2¥ 13 4% |5 g%

Vinnolit MP 6852 60 |60 60 (60 |60 60

VESTINOL® 9 45

dinonyt terephthalate as per Ex. 1.1 45

dinonyl terephthalate as per Ex. 1.3 45

dinonyl terephthalate as per Ex. 1.7 45

dinonyl terephthalate as per Ex. 1.6 45

isononyl benzoate 45

Calibrite — OG 60 60 |60 |60 60 |60

KRONOS 2220 4 4 4 |14 4 |4

isopropanol 2 2 2 2 2 2

Unifoam AZ Uitra 7043 . 15 15 |15 {15 15 |15

zinc oxide - 10.85 [0.85/0.85!0.85/0.85/0.85
* = comparative example * = according to invention

The materials and substances used, unless already apparent from the preceding

examples, are more particularly elucidated in what follows:

Calibrite-0OG: calcium carbonate; filler; from OMYA AG.

10 KRONOS 2220: Al- and Si-stabilized rutile pigment (TiO,); white pigment; from Kronos
Worldwide Inc.

Isopropanol: cosolvent for lowering plastisol viscosity and also additive for improving
foam structure (from Brenntag AG).



" dinonyl terephthalate as per Ex. 1.7 20 dinonyl terephthalate as per Ex. 1.6 20 dinonyl
terephthalate as per Ex. 1.3 20 Eastman DBT 555

10

15

20

WO -2012/069283 PCT/EP2011/069039
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Example 7;
Determination of plastisol viscosity of filled and pigmented thermally expandable

plastisols from Example 6 following a storage period of 24 h (at 25°C)

The viscosities of the plastisols produced in Example 6 were measured as described
under Analysis point 10. (see above) using a Physica MCR 101 rheometer (from Paar-
Physica). The results are shown in the following Table (8) for the shear rates 100/s,

10/s, 1/s and 0.1/s by way of example.

Table 8: Shear viscosity of plastisols from Example 6 after 24 h storage at 25°C.

Plastisol recipe as per Ex. 6 ™ 2F 3* |4 5 |e**
shear viscosity at 8.5 |67 |9 89 |n.db.|1
shear rate = 100/s [Pa*s]

shear viscosity at 7 6.6 86 |93 [ndb. |13
shear rate = 10/s [Pa*s]

shear viscosity at 106 8.9 (1111128 |306 |24
shear rate = 1/s [Pa*s]

shear viscosity at 21 16.4 120.2 1244 |529 6.9

shear rate = 0.1/s [Pa*s]

** = comparative example * = according to the invention

The plastisol based on isononyl benzoate (INB) (comparative example; plastisol recipe
6) has the lowest shear viscosity at all reported shear rates. The plastisols of the
invention, compared with the DINP used as standard plasticizer, have in some
instances an appreciably lower shear viscosity, leading to distinctly improved
processing properties, more particularly to an appreciably increased rate of application
in spread and/or blade coating. The influence of branching on plastisol viscosity is

distinctly apparent. The sample measured as sample 5 (comparative sample) with a



5 25 Unicell D200A 2.25 2.25 2.25 2.25 2.25 2.25 Trace! OBSH 160NER 0.5 0.5 0.5 0.5 0.5 0.5
Kronos 2220 1.5 1.5 1.5 1.5 1.5 1.5 Microdol Al 15.5 15.5 15.5 15.5

i5

20

WO 2012/069283 PCT/EP2011/069039

47

degree of branching of 2.8 exhibits even at low shear rates a viscosity which is higher
by an order of magnitude compared with the other samples, while at higher shear rates
the measurement had to be discontinued on account of measurement tolerance being
exceeded. This is accordingly evidence that plastisols of this type cannot be processed.
By contrast, the invention provides plastisols which — depending on the degree of
branching chosen — have similar processing properties to, or else distinctly improved

processing properties than, plastisols based on the standard plasticizer DINP.

Example 8:
Determination of gelling behaviour of filled and pigmented thermaily expandable

plastisols from Example 6

The gelling behaviour of the filled and pigmented thermally expandable plastisols
obtained in Example 6 was tested as described in Analysis point 11 (see above) using a
Physica MCR 101 in oscillation mode following plastisol storage at 25°C for 24 h. The

resuits are shown below in Table (9).

Table 9: Key points of geliing behaviour determined from gelling curves (viscosity
curves) for filled and pigmented expandable plastisols obtained as per Example 6.



15.5715.5 Baerostab KK 48-1 1.25 1.25 1.25 1.25 1.25 1.25 isopropanol 1.51.51.51.51.51.55* =
comparative example* = according to invention The materials and substances used are more
particularly elucidated in what follows unless already apparent from the preceding examples: 53
Vestolit E 7012 S: emulsion PVC (homopolymer) with a K-value (determined as per DIN EN ISO

1628-2) 67286406848t GmbH.

Vinnolit E 67 ST: emulsion PVC (hontdpdkaRal) Withe2e39alue

(determined as per 5 DIN EN ISO 1628-2) of 67; from Vinnolit GmbH & Co. KG. Vinnolit EP 7060:
emulsion PVC (homopolymer) with a K-value (deterffined as per DIN EN 1SO 1628-2) of 70; from
Vinnolit GmbH & Co. KG. Eastman DBT: di-n-butyl terephthalate; plasticizer with fast gelling; from
Eastman_Chemical Co. 10 Unice!! D200A: azodicarbonamide:;

thermally activatable blowing agent;

from TrafEsSiephbecip/ce! OF
activatab, gé) i
.eé); fi%\f ror'ig

(dolomi

nt; from 7
mya AG.

3Ff 160N

—& phlegmdtized sulgfionyl hy
alcium magnesium ¢
kicker; de

'ramaco GmbH. Microdol Al: ¢
15 Baerostab KK 4

3-1: potass

sium/ zinc

dxzide (C

DBSH); the
rarbonate

composition

rmally

catalyst

feratienma plesfisglager
agent; als.pas SRS Le

at [°C]

1182 lowers

thEsinhers
ct; from Baerlocher GmbH.

oritifecom

pos$gion temperature

gf7the blo

wing

reaching a plastisol
viscosity of
10 000 Pa’s at [°C]

100

135

138

139

140

71

maximum plastisol

viscosity [Pa*s]

31 300

16 400

14 900

13 900

13 700

45 200

temperature on
reaching max.

plastisol viscosity [°C]

132

144

147

146

147

111

10

** = comparative example

* = gccording to invention

As with the unfilled thermally expandable plastisols (see Example 4; Table 4), the

plastisol produced on the basis of isononyl benzoate (INB) gives the fastest gelling

and/or the lowest gelling temperature for all plastisols reported. As is likewise apparent

for the unfilled plastisols, the filled plastisols show an appreciable difference in gelling

behaviour between the DINP plastisol (= standard) and the plastisols containing nonyl

terephthalate. Gelling is slower with the terephthalic esters and only starts at distinctly

higher temperatures. Moreover, the maximum plastisol viscosity attainable by gelling is

only about half as high as with the DINP plastisol. Accordingly, it again had to be

assumed that the foaming behaviour of plastisols containing nonyl terephthalate would

be distinctly worse than that of the DINP plastisol.



‘ Example 11: 20 Determination of plastisol viscosity of filled and pigmented thermally expandable
plastisols from Example 10 following a storage period of 24 h (at 25C) The viscosities of the plastisols
produced in Example 10 were measured as described under Analysis point 10. (see above) using a

Physica % eter (from Paar- 25 Physica). The results are shown in the following Table
(13) for W@géﬁ&é §§gl%0/s, 10/s, 1/s and 0.1/s by way of example. WO PCT/EP2011/069039

2012/069283PCT/EP2011/069039 54 Table 13: Shear viscosity of plastisols from Example 10 after 24
h storage at 25C. Plastisol recipe as per Ex. 10 1***“4** shear viscosity at shear rate = 100/s [Pa*s]
9.15 7.2 8.15 14.5 8.15 n.db. shear viscosity at shear rate = 10/s [Pa*s] 10.7 615 7.1

Example 9:
Production of foam foils and determination of expansion/foaming behaviour at

200°C of thermally expandable plastisols obtained in Example 6

5 Production of foam foils and determination of expansion behaviour were done similarly
to the procedure described under Analysis point 12 except that the filled and pigmented
plastisols obtained in Example 6 were used. The results are shown in the following
Table (10).

10 Table 10: Expansion of polymer foams/foam foils obtained from filled and pigmented
thermally expandable plastisols (as per Ex. 6) at different oven residence times in
Mathis Labcoater (at 200°C).

Plastisol recipe (as per Ex. 6) 7 2 3* 4* 5¥ 6™
expansion after 60 s [%)] 0 0 5 0 20 8
expansion after 90 s [%] 230 1190 250 |192 300 |224
expansion after 120 s [%] 285 1300 315 |300 (360 184
= bomparative example * = according to invention

As expected, the expansion with plastisols containing fillers is distinctly lower than those
without fillers (see Example 5). However, as with the plastisols without filler, the
plastisols containing the terephthalic esters used according to the invention again
provide distinctly higher foam heights after a residence time of 120 seconds compared
20 with the current standard plasticizer. The plastisol recipe (6) based on isononyl
benzoate (INB), by contrast, only for up to a residence time of 90 seconds has an
expansion which is at the level of the DINP standard (1), but below the value (3)
obtainable with the pastes of the invention, and subsequently contracts again. The INB

end sample (after 120 seconds) has a distinctly lower and completely unsatisfactory



' 12 7.5 49 shear viscosity at shear rate = 1/s [Pa*s] 16.6 9.7 9.6 16.7 10 146 shear viscosity at shear
rate = 0.1/s [Pa*s] 34.8 20 18.2 33.9 19.4 655 = comparative example * = according to the invention
n.db. = not determinable The use of the fast-gelling dibutyl terephthalate (Eastman DBT) as sole

plasticizer leads 5 to plasticizers (presumably already pregelled at room temperature) of remarkably

high viscSty¥ QRIER%#E 2 Iearly not processable using the conventional tedHABIEEEA BHARRRAR. The

plastisols of the invention, which contain diisononyl terephthalate mixtures together with small
proportions of dibutyl terephthalate, have a viscosi@ﬂNhich Is distinctly lower compared with plastisol
(1) based on DINP alone and which is also io distinctly lower than that of the non-inventive
higher-branched isononyl teresagthalate mixture (4). The invention thus provides plastisols which

permit dRIRRISI PRI aERE IR cuitth e PR #Hendrisrmedndtidhe plestisolahpredonibe
Determiraiéipnofaelingdrshadau @il qa@r@iﬁ%ﬁﬁaﬁhm%ﬁﬁ@%w&me@ﬁ% H5RY

Example 10 The gelling behaviour of the filled and pigmented thermally expandable plastisols obtained
X d

in Exampie VBMDAS ARG S S ipuemd dereRh IS BRASL PISERSEHGRY) SRy fosraamiichulsR 101
in oscillajipsumede flfoyagsprsliseLsteagesdt PGt BmBNE disadvantageous rheological

5 behaviour (see Table 8). Thermally expandable plastisols comprising fillers are thus
provided which, despite evident disadvantages in gelling behaviour (see Example 8),

have distinct advantages in thermal expandability.

Plastisols with fillers likewise make it possible (despite the presence of white pigment)
10 to discern the completeness of the decomposition of the blowing agent
azodicarbonamide used and hence the progress of the expansion process from the
colour of the foam obtained. The lower the yellowness of the foam, the greater the

degree to which the expansion process is finished.

15 The yellowness index of the polymer foams/foam foils obtained in Example 9, as
determined in accordance with Analysis point 13 (see above), is shown in the following
Table (11).

Table 11:Y; D1925 yellowness indices of polymer foams obtained in Example 9.

20
Plastisol recipe {as per Ex. 6} e 12 3 4* R
yellowness index after 60 s [%] 22.8 123.1 1232 |22.7 1235 239
yellowness index after 90 s [%)] 195 |20 19.2 {19.2 182 (176
yellowness index after 120 s [%] 19.1 |16.7 [18.9 159 (145 [161

The plastisol obtained on the basis of isononyl benzoate (INB) starts with the highest
yellowness index for all the plastisols measured, but drops to the level of the inventive

plastisols after 120 seconds’ residence time at 200°C. After just 90 seconds, the



"WO 20 2/069283PCT/EP2011/069039 55 results are shown below in Table (14). Table 14: Key points
of gelling behaviour determined from gelling curves (viscosity curves) for filled and pigmented
expandable plastisols obtained as per Example 10. 5 Plastisol recipe (as per Ex. 10) in 4** 6**
reaching a plastisol viscosity of 1000 Pa*s at [C] 74 76 79 79 79 54 reaching a plastisol viscosity of 10
000 Pa*d/¥%P[eP84/08°266 101 101 PCT/EP2011/069039

51

plastisols containing the terephthalic esters used according to the invention are at the
level of the DINP plastisol. After 120 s, distinctly lower values are obtained than with
DINP, i.e. the expansion process proceeds distinctly faster. Filled plastisols are thus
provided which, despite evident disadvantages in gelling, permit a higher processing

5 speed and/or lower processing temperatures.

Example 10:
Production of filled and pigmented expandable/foamable PVC plastisols for effect
foams
10
The advantages of inventive plastisols will now be illustrated using filled and pigmented
thermally expandable PVC plastisols useful for production of effect foams (foams with
speciai surface texture). These foams are frequently alse referred to as “bouclé” foams
after the appearance pattern known from the textile sector. The inventive plastisols
15 hereinbelow are inter alia exemplary of thermally expandable plastisols used in the
production of wail coverings. More particularly, the inventive plastisols hereinbelow are
exemplary of foam layers used in PVC wall coverings.
The plastisols were produced similarly to Example 2 except for a changed recipe. The
component weights used for the various plastisols are discernible from Table 12 below.

20



- 61 maximum plastisol viscosity [Pas] 25200 21000 20000 20700 19900 98500 temperature on
reaching max. plastisol viscosity [DC] 117 125 127 127 127 78 = comparative example* = according to
invention The special position of the dibutyl terephthalate-based plastisol is also distinctly apparent in
the gelling curve. The plastisol in question already starts at room to temperature on a distinctly higher
level (ab f%@ﬂ&’%?é)ﬁﬁ all the other plastisols considered, which is indicR{vE/BPaELHINAGOSEN at
room temperature and inadequate processability. With regard to initial gelling temperature, the
plastisols of the invention are at the same level as f# standard plastisol (DINP) as at the maximum
end viscosity attainable, merely the speed at which the maximum plastisol viscosity is reached IS
starting from the initial gelling temperature is somewhat slower with the plastisols of the invention than
that of the DINP plastisol. Plastisols for producing effect foams are thus 56

Table 12: Composition of filled and pigmented expandable PVC plastisols from
Example 10 [all data in paﬁs by mass].

Plastisol recipe 2% 13 | 4% |5 |6

Vestolit E 7012 S 25 |25 |25 |25 |25 |25

Vinnolit E 67 ST 15 115 115 15 15 15

Vinnoiit EP 7060 10 |10 {10 |10 (10 |10

VESTINOL® 9 25

dinonyl terephthalate as per Ex. 1.1 20

dinonyi terephthalate as per Ex. 1.7 20

dinony! terephthalate as pér Ex. 1.8 20

dinonyl terephthalate as per Ex. 1.3 20

Eastman DBT 5 5 5 5 25

Unicell D200A 2.25122512251225225225

Tracel OBSH 160NER 05 |05 (05 |05 [05 |05

Kronos 2220 1.5 115 15 [15 |15 {15

Microdol A1 155611565 155 155|15.5|15.5

Baerostab KK 48-1 1.2511.25]1.2511.25]1.25(1.25

isopropanol 15 (15 15 |15 |15 |15

5 ** = comparative example * = according to invention

The materials and substances used are more particularly elucidated in what follows

unless already apparent from the preceding exampiles:

i0



“provided which - coupled with improved processing properties (see Example 11) - have essentially
similar gelling properties to the current standard system and at the same time are free of
ortho-phthalates. 5 Example 13: Production and assessment of effect foam from filled and pigmented
thermally expandable plastisols as per Example 10 The plastisols obtained in Example 10 were aged
about tw¥'kOars! 8P E#dded up in a to Mathis Labcoater (type LTE-TS; manGRETROTIWORRABE AG).
The support used was a coated wall covering grade paper (from Ahlstrom GmbH). The blade coating
unit was used to apply the plastisols in 3 different th'ﬁgknesses (300 pm, 200 pm and 100 pm). In each
case 3 plastisols were applied to the paper side by side. The precoated paper thus obtained was
foamed and gelled in the Mathis oven at 210C for 60 seconds. 15 The yellowness indices were
determined on the fully gelled samples as described under Analysis point 13 (see above). In the

assess ang! ehavi ' 0 rativ ndard. A ngrmal
et il S Sk e R S e
yvhz;]lt is Al VSR ABA8e) Bkd idramoliaptsdioBmblibam structure, i.e. e>.<pans|ionhbeha‘}/iour' is pogg
in that c the u t re itis particulasly the uniformity or
eguirey ?&ﬂ%ﬁﬁ%@i@@?‘ﬁé@h’f?%iﬁaé@?ﬁ%gﬁmﬁé&%gn5«&%% RGP
consfitu effee ket 6 Eritors MiorckicSeath& GvOKB12/069283PCT/EP2011/069039 57
Another m&@@l@t%g&p%&g (Me}gg[ e ﬁi(()jr% (% a %}? ith .[ﬁgar% to ?n xudation/migration of
recipe constituents. The rating sysfem un§er(ly|ng Ee &UF g\éew fekidire évsasggsﬁqgﬁ?ri@[ 0 %ﬁnpﬁ‘nre
followingPTRbEN(15)) 3824 057AsfessentdiisBmbb &) lgitiGsurface quality of effect foams

A t.Meani face text igh [ d uniformity of surf ffects;
oo of AU DB Rl N R CBo AR e e Bmuto A BB G BRIy of

surface éfemtsicsiz€@f individual effects exactly in keeping). 3 Satisfactory surface texture(regularity

toxtile (TS S B PR T S s B A Aoy
unbalancgehh 8. Defectivesurfacetexture(irregularitiesandnon-uniformitiesin
| Tracel OBSH 160NER: phlegmatized sulphonyl hydrazide (OBSH); thermally
activatable blowing agent; from Tramaco GmbH.
Microdol A1: calcium magnesium carbonate (dolomite); filler; from Omya AG.
15 Baerostab KK 48-1: potassium/ zinc kicker; decomposition catalyst for thermal blowing
agents, lowers the inherent decomposition temperature of the blowing agent; aiso has a

stabilizing effect; from Baerlocher GmbH.

Example 11:
20 Determination of plastisol viscesity of filled and pigmented thermally expandable

plastisols from Example 10 following a storage period of 24 h {at 25°C)

The viscosities of the plastisols produced in Example 10 were measured as described
under Analysis point 10. (see above) using a Physica MCR 101 rheometer (from Paar-

25 Physica). The results are shown in the following Table (13) for the shear rates 100/s,
10/s, 1/s and 0.1/s by way of example.



surface texture; size of individual effects unbalanced). 6 Inadequate surface texture (highly irregular
and non-uniform surface effects; size of individual effects not at all in keeping (much too large/much
too small)). The rating system underlying the assessment of the reverse-side appraisal (migration) is
depicted in the following Table (16). WO 2012/069283PCT/EP2011/069039 58 Table 16: Assessment
system fBfPeBigé0§88%bpraisal of effect foams. Assessment Meaning V&G TERROT01 68639
diffusion/migration; no colour difference in edge region). 2 Good (no evident diffusion/migration;
minimal colour difference in edge region). 3 Satisfagfory(minimaldiffusion/migration;slight colour
differencein application region). 4 Adequate(slightdiffusion/migration;distinctcolourdifferencein
application region) 5 Defective (distinct signs of migration; slightly "greasy" haptics; marked colour

d|fferencE&h'%r?t@re%hﬁﬂTcﬂﬁ@ﬂsiég@mfa@ﬂlﬁa&ﬁgmﬁmﬂi@lé@rﬁ‘tef Mafitorﬁgmmeﬂﬁgﬁéasy"haptlcs
extremedy %&ﬁ&' I_&éc(:ifége Iéeé l;bﬁ apmubauuu lcgw) Euc Squgtbc z@%l.“ g”’ arreffectfoam (i.e. of a

foam which'is suppos |
shearviscosﬁya’c 9.15 (7.2 18.15 [14.5 |8.15 In.db.

shear rate = 100/s [Pa*s]

shear viscosity at 10.7 |6.75 7.1 {12 |7.5 49
shear rate = 10/s [Pa"s]

shear viscosity at ' 16.6 |19.7 |96 [16.7 |10 |146

shear rate = 1/s [Pa*g]

shear viscosity at 34.8 120 18.2 133.9 |19.4 |655

shear rate = 0.1/s [Pa*s]

** = comparative example * = according to the invention n.db. = not determinable

The use of the fast-gelling dibutyl terephthalate (Eastman DBT) as sole plasticizer leads
5 to plasticizers (presumably already pregelled at room temperature)} of remarkably high
viscosity, which are clearly not processable using the conventional technological
processes. The plastisols of the invention, which contain diisononyl terephthalate
mixtures together with smail proportions of dibutyl terephthalate, have a viscosity which
is distinctly lower compared with plastisol (1) based on DINP alone and which is also
10 distinctly lower than that of the non-inventive higher-branched isononyi terephthalate
mixture (4). The invention thus provides plastisols which permit distinctly faster

processing compared with the known standard (DINP).

Example 12:
15 Determination of gelling behaviour of filled and pigmented thermally expandable
plastisois from Example 10

The gelling behaviour of the filled and pigmented thermally expandable plastisols
obtained in Example 10 was tested as described in Analysis point 11 (see above) using

20 a Physica MCR 101 in oscillation mode following plastisol storage at 25°C for 24 h. The



special/specially pronounced surface texturing) is determined essentially by the 5 constituents and the
processing properties of the plastisol used for producing it. Of particular importance here are the
plastisol viscosity, the flow behaviour of the plastisol (characterized for example by the course of
plastisol viscosity as a function of shear rate), the gelling behaviour of the plastisol (pivotal for the size
and distri{igh bL§89B8Bbles inter alia), the influence of the plasticizers uSEITCERRE t&H9PBSition
of the 10 blowing agent (what is known as auto kick effects), and also the choice and combination of
blowing agent(s) and decomposition catalyst(s). Th&8e are essentially influenced by the choice of
materials used and are controllable in a specific manner in this way. Appraising the reverse side of
coated paper allows inferences to be drawn about the 15 permanence in the fully gelled system of the
plasticizépsulie @enahsmatteglevvrinulaalda chhkstituents. Pronounced migration of formulation
constituents has numerous practical 59 disadvantages as well as optical and aesthetic disadvantages.
Increased tackiness attracts dust, which is difficult to remove again, if it can be removed at all, and
thus veryl gblekiy! leHdy toaintegativebipge bedrmdoim &tﬁléi@ﬁnﬁdgf&bi@n géff@fgnulmi@% consiieppts

generallyw%¥ %raﬂ}/e Se [epereus s for print blllf b| Qf a é)rlnt ther r%:
interactions wi I?securlrﬁ{g adhe |ves%\?V(Paﬁpgpe'l?gli ‘38 15 ﬁrﬁ)ﬁar Eohtrolled
detachment of a wall covering. The results of surface and reverse- S|de appraisal are summarized in
Table ]‘7 to-Table-17:-Results-g c&rface 5 nr\;'lc Ire\v/ercew_‘g;de_a_pp;algal of fully gelled effect foams from

Examp eP:!gSMI%?%%Ipe (as J'er Ex. 10§12 |6 expangfon behayiur - O.K 85K, O.K. O.K.
overfoamag yetavnesy index 7.3 _

reaching a plastisol 74 76 79 79 79 54
viscosity of 1000 Pa*s

at[°C]

reaching a plastisol 84 |96 100 101 101 61
viscosity of

10 000 Pa*s at [°C]

maximum plastisol 25200 | 21000 | 20000 |20700 |19900 | 98500
viscosity [Pa*s]

temperature on 117 125 127 127 127 78
reaching max.

plastisol viscosity [°C]

** = comparative example * = according to invention

The special position of the dibutyl terephthalate-based plastisol is also distinctly
apparent in the gelling curve. The plastisol in question already starts at room
10 temperature on a distinctly higher level (about factor 2) than all the other plastisols
considered, which is indicative of pregelling even at room temperature and inadequate
processability. With regard to initial gelling temperature, the plastisols of the invention
are at the same level as the standard plastisol (DINP) as at the maximum end viscosity
attainable, merely the speed at which the maximum plastisol viscosity is reached
15 starting from the initial gelling temperature is somewhat slower with the plastisols of the

invention than that of the DINP plastisol. Plastisols for producing effect foams are thus



' 6.6 6.7 6.5 6.8 6.3 assessment of surface quality/texture 21 1 1 1 6 assessmentofreverseside after 24
h111111 assessmentofreverseside after 7days122121
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provided which — coupled with improved processing properties (see Example 11) — have
essentially similar gelling properties to the current standard system and at the same

time are free of ortho-phthalates.

s  Exampile 13:
Production and assessment of effect foam from filled and pigmented thermally

expandable plastisols as per Example 10

The plastisols obtained in Example 10 were aged about two hours and foamed up in a
10 Mathis Labcoater (type LTE-TS; manufacturer. W. Mathis AG). The support used was a
coated wall covering grade paper (from Ahlstrom GmbH). The blade coating unit was
used to apply the plastisols in 3 different thicknesses (300 um, 200 um and 100 pm). In
each case 3 plastisols were applied to the paper side by side. The precoated paper thus
obtained was foamed and gelled in the Mathis oven at 210°C for 60 seconds.
15
The yellowness indices were determined on the fully gelled samples as described under

Analysis point 13 (see above).

In the assessment of expansion behaviour the DINP sample is used as comparative
20 standard. A normal expansion behaviour (= OK) thus corresponds to the behaviour of
the DINP sample. In the case of what is called “overfoaming” there is a collapse of the

foam structure, i.e. expansion behaviour is poor in that case.

In the assessment of surface quality/surface texture it is particularly the uniformity or
25 regularity of the surface textures which is assessed. The dimensional extent of the

individual constituents of the effect likewise enters the assessment.



~** = comparative example* = according to invention All samples except that containing only dibutyl
terephthalate (DBT) as plasticizer are 15 good in terms of expansion behaviour, equivalent to the
DINP standard. The DBT is very prone to overfoaming, i.e. has poor expansion behaviour. The
yellowness index shows that the plastisols of the invention reach distinctly lower values compared with
the DINMVStapeib2d)BR@8AIng that expansion is distinctly faster here. The siRGEERRAT¢/86965SMent
shows the result of the expansion behaviour for the DBT plastisol. The 60 overfoaming leads to the
formation of an inadequate surface texture and/or to/premature collapse thereof. All plastisols
according to the invention, by contrast, exhibit a very good surface texture which, surprisingly, even
shows distinct improvements over the DINP standard. With regard to obvious (i.e. visually discernible)
phenomé&natbes rarpreaieal nendhef thpmarmpleoEhwnerany sidderipamsnnigrittioreatied 24oh atorage
(at 25C) : : " ster, t of Hl f fQ accor(?i .to the invention shows
any mig?ﬁ%ﬁ%ﬁ%@%ﬁ@wﬁgﬁgg.C%%?{tr:&\%eﬂr?tslbrf t Suz gp?riﬁél(f&sg} p%rgsttljsno S’%H%ﬁﬁ%t %Jﬁ%ge
obtainalRXtHes efpeRFEmae Bl ésstipavo ot feliewiilaldat(idihe known prior art in visual respects
while having significant advantages with regard io to processability. Example 14: Production of filled
and pigmented expandablefloamable PVC plastisols for smooth foams 15 The advantages of inventive
plastisol abile ridw Assitisstnatetdsysiam e juagthpigoréaded;theimpallystspeiidabte PVC plastisols useful

for prod"cing so-called-smooth-feams-(foams-having-a-smooth surfaee)#b&memﬂueplasﬂsaﬁ
hereinky ﬁ‘ﬁmﬁgf.ﬂ%&@@mﬂ)law of thermally expandable plastisols used in the production of wall
coveririgs. 20 More par@aobE SUPAILE RIRHPeIS VEr MRGIOVE B IRATG BRIATY: Al SR ogeTs

used in PVC wall coverings. The plastisols were produced similarly to Example 2 except for a

changed recipe. The qotHPBREMRNREShEIzsRbINgI st Rbeidactplxastisinearieamible from the

7. £.-£

following25 Table (18 GOGY AU RS T Wgé&ﬁﬁﬁg%abﬁﬁg}ﬁ%@rﬁﬁgﬁ?&?ﬁ 24 S|i_iisd and

pigmented expandable PVC plastisols from Ex ata in parts asfisol' récjpe 1**
% fx size of individual effects exactly in keeping).
3 Satisfactory surface texture (regularity and uniformity of surface

effects acceptable; size of individual effects appropriate).

4 Adequate surface texture (slight irregularities or non-uniformities in

surface texture; size of individual effects slightly unbalanced).

5 Defective surface texture (irregularities and non-uniformities in

surface texture; size of individual effects unbalanced).

6 inadequate surface texture (highly irregular and non-uniform surface
effects; size of individual effects not at all in keeping (much too

large/much too smali)).

The rating system underlying the assessment of the reverse-side appraisal (migration)
is depicted in the following Table (186).



' 6** Vestolit E 7012 S 20 20 20 20 20 20 Vinnolit E 67 ST 17.517.517.517.517.5 17.5 Vestolit B 6021
Ultra 12.5 12.5 12.5 12.512.5 12.5 VESTINOLO 9 30
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Table 16: Assessment system for reverse-side appraisal of effect foams.

Assessment Meaning

1 Very good (no evident diffusion/migration; no colour difference in edge
region).

2 Good (no evident diffusion/migration; minimal colour difference in edge
region).

3 Satisfactory (minimal diffusion/migration; slight colour difference in

application region).

4 Adequate (slight diffusion/migration; distinct colour difference in
application region)

5 Defective (distinct signs of migration; slightly “greasy” haptics; marked

colour difference in entire application region).

6 Inadequate (marked signs of migration; marked “greasy” haptics;

extreme colour difference in entire application region).

The surface texiure of an effect foam (i.e. of a foam which is supposed to exhibit
special/specially pronounced surface texturing) is determined essentially by the
5 constituents and the processing properties of the plastisol used for producing it. Of
particular importance here are the plastisol viscosity, the flow behaviour of the plastisol
(characterized for example by the course of plastisol viscosity as a function of shear
rate), the gelling behaviour of the plastisol (pivotal for the size and distribution of gas
bubbies inter alia), the influence of the plasticizers used on the decomposition of the
10 blowing agent (what is known as auto kick effects), and also the choice and combination
of blowing agent(s) and decomposition catalyst(s). These are essentially influenced by

the choice of materials used and are controliable in a specific manner in this way.

Appraising the reverse side of coaled paper allows inferences to be drawn about the
15 permanence in the fully gelled system of the plasticizers used and of other formulation

constituents. Pronounced migration of formulation constituents has numerous practical



~dinonyl terephthalate as per Ex. 1.1 25 dinonyl terephthalate as per Ex. 1.7 25 dinonyl
terephthalate as per Ex. 1.6 25 dinnyl terephthalate as per Ex. 1.3 25

10

15
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disadvantages as well as optical and aesthetic disadvantages. Increased tackiness
attracts dust, which is difficult to remove again, if it can be removed at all, and thus very
quickly leads to a negative appearance. In addition, migration of formulatibn
constituents generally has very adverse repercussions for printability/durability of a
print. Furthermore, interactions with securing adhesives (wallpaper adhesives for

example) can lead to unconirolled detachment of a wall covering.
The results of surface and reverse-side appraisal are summarized in Table 17.

Table 17: Resuits of surface and reverse-side appraisal of fully gelled effect foams from

Example 13.

Plastisol recipe

(as per Ex. 10) e 2F 3* 4% 5* 6**
expansion behaviour - OK. | OK. 0K |OK. |overfoamed
yellowness index 73 |68 |67 6.5 6.8 6.3
assessment of 2 1 1 1 1 6

surface quality/texture

assessment of reverse side ! 1 1 1 1 1 1
after 24 h
assessment of reverse side | 1 |2 2 1 2 1

after 7 days

** = comparative example * = according to invention

All samples except that containing only dibutyl terephthalate (DBT) as plasticizer are
good in terms of expansion behaviour, equivalent to the DINP standard. The DBT is
very prone to overfoaming, i.e. has poor expansion behaviour. The yellowness index
shows that the plastisols of the invention reach distinctly lower values compared with
the DINP standard, meaning that expansion is distinctly faster here. The surface texture

assessment shows the result of the expansion behaviour for the DBT plastisol. The



'Eastman DBT 5555 30 Unicell D200A1.81.81.81.81.81.8 Drapex 392.42424242424
Kronos 22202.42.4242.424
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25

WO 2012/069283 PCT/EP2011/069039

60

overfoaming leads to the formation of an inadequate surface texture andfor to
premature collapse thereof. All plastisols according to the invention, by contrast, exhibit
a very good surface texture which, surprisingly, even shows distinct improvements over
the DINP standard. With regard to obvious (i.e. visually discernible) phenomena of
migration, none of the samples shows any evidence of migration after 24 h storage (at
25°C). Even after 7 days’ storage (at 25°C) none of the effect foams according to the
invention shows any migration phenomena whatsoever. The invention thus provides
plastisols and effect foams obtainable therefrom that are superior or at least equivalent
to the known prior art in visual respects while having significant advantages with regard

to processability.

Example 14:
Production of filled and pigmented expandable/foamable PVC plastisols for

smooth foams

The advantages of inventive plastisols will now be illustrated using filled and pigmented
thermally expandable PVC plastisols useful for producing so-called smooth foams
(foams having a smooth surface). The inventive plastisols hereinbelow are inter alia
exemplary of thermally expandable plastisols used in the production of wall coverings.
More particularly, the inventive plastisols hereinbelow are exemplary of foam layers

used in PVC wall coverings.

The plastisols were produced simitarly to Example 2 except for a changed recipe. The
component weights used for the various plastisols are discernible from the following
Table (18).



‘2.4 Microdol 1 24 24 24 24 24 24 Baerostab KK 48-1 1111 1 1 = comparative example* = according
to invention 5 The materials and substances used are more particularly elucidated in what follows

" unless already apparent from the preceding examples:  Vestolit B 6021 Ultra: microsuspension PVC
(homopolymer) having a K-value o (determined as per DIN EN ISO 1628-2) of 60; from Vestolit GmbH.
62 Drap&@XQRBRiER283 soybean oil; (co)stabilizer with plasticizing effect fOMECRENOES 3@ ata.
Example 15: 5 Determination of plastisol viscosity of filled and pigmented thermally expandable
plastisols from Example 14 following a storage peridtl of 24 h (at 25C) The viscosities of the plastisols
produced in Example 14 were measured as described under Analysis point 10. (see above) using a
Physica MCR 101 rheometer (from Paar- io Physica). The results are shown in the following Table
(19) for theldtekdr: iGtrs it 6 §ijlets amtifighiehicdax pbedaiplPVTablastRotheenViBrasipof
plastlsolq zirf’zﬂf Eé‘t%"ﬂ?l a%és %1‘3}enr1 ezxésT. storage at 25C. Plastisol recipe as per Ex. 14

Plastisol recipe 1% (2% 3 4% BY g™
Vestolit E 7012 8 20 120 20 (20 20 20
Vinnolit E 67 ST 17.5117.517.5 17.5.17.5|175
Vestolit B 6021 Ultra 1251125125 12.5/12.5|125
VESTINOL® 9 30 |

dinonyl terephthalate as per Ex. 1.1 25

dinonyl terephthalate as per Ex. 1.7 25

dinonyl terephthalate as per Ex. 1.6 ' 25

dinonyl terephthalate as per Ex. 1.3 25
Eastman DBT 5 5 5 5 30
Unicell D200A 1.8 (1.8 |18 |18 [1.8 1.8
Drapex 39 24 |24 124 124 24 (24
Kronos 2220 24 124 124 124 (24 |24
Microdol 1 24 124 24 124 124 |24
Baerostab KK 48-1 1 1 1 1 1 1

** = comparative example * = according fo inve.ntion

The materials and substances used are more particularly elucidated in what foliows

unless already apparent from the preceding examples:

Vestolit B 6021 Uitra: microsuspension PVC (homopolymer) having a K-value
10 (determined as per DIN EN ISO 1628-2) of 60: from Vestolit GmbH.



1%+ 4** 5* 6+ shear viscosity at shear rate = 100/s [Pa*s] 8.2 6.9 8.2 n.db. 8.3 10.9 shear viscosity at
shear rate = 10/s [Pa*s] 7.4 5.4 7 23.7 6.95 16.2 shear viscosity at shear rate = 1/s [Pa*s] 8.4 5.8 7.2
23.7 6.8 29
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Drapex 39: epoxidized soybean oil; (co)stabilizer with plasticizing effect; from Chemtura
/ Galata.

Example 15:
5 Determination of plastisol viscosity of filled and pigmented thermally expandable
plastisols from Exampie 14 following a storage period of 24 h (at 25°C)

The viscosities of the plastisols produced in Example 14 were measured as described
under Analysis point 10. (see above) using a Physica MCR 101 rheometer (from Paar-
10 Physica). The results are shown in the foilowing Table (19) for the shear rates 100/s,

10/s, 1/s and 0.1/s by way of example.

Table 19: Shear viscosity of plastisols from Example 14 after 24 h storage at 25°C.

Plastisol recipe as per Ex. 14 1 | 2* 3% 4% |5 6%
shear viscosity at 8.2 |69 |82 |ndbh.|83 [10.9
shear rate = 100/s [Pa*s]

shear viscosity at 7.4 |54 |7 23.7 [6.95 |16.2
shear rate = 10/s [Pa*s]

shear viscosity at : 84 |58 |72 (237 |68 |29
shear rate = 1/s [Pa*s]

shear viscosity at 13 189 11.2 |352 (102 !75
shear rate = 0.1/s [Pa*s]

** = comparative example * = according to the invention n.db. = not determinable
15 _
All examples according to the invention exhibit a distinctly lower plastisol viscosity not
only compared with purely DINP (= standard) but also in comparison with purely dibutyl
terephthalate. The more highly branched comparative example (4) likewise has a
distinctly higher plastisol viscosity and is neither measurable nor processable at high
20 shear rates of the type occurring in processing by blade coating or spraying for



shear viscosity at shear rate = 0.1/s [Pa*s] 13 8.9 11.2 35.2 10.2 75 ** = comparative example * =
according to the invention n.db. = not determinable 15 All examples according to the invention exhibit
a distinctly lower plastisol viscosity not only compared with purely DINP (= standard) but also in
comparison with purely dibutyl terephthalate. The more highly branched comparative example (4)
likewise YWds a0t Agher plastisol viscosity and is neither measurableP@T/Eo2e393069a80igh 20
shear rates of the type occurring in processing by blade coating or spraying for 63 example. Plastisols
are thus provided which permit distinctly better anddfaster processing compared with the current
standard. Example 16: 5 Determination of gelling behaviour of filled and pigmented thermally
expandable plastisols from Example 14 The gelling behaviour of the filled and pigmented thermally
expandabieplistisbiinstisalsedin Eunplordddesss tebted asatastridistinothndgsisrpainidl fagtee

above) ysing.10.a Physi Mﬁ%f% ' ';E ' %e following plastisol storage at 25C for 24 h.
The restﬁtjs are éﬁ%ownﬁé%w in a%g‘eé ?.2%%% g%%}b%aor ey points of gelling behaviour determined from
gelling curves (viscosity curves) for filled and pigmented expandable plastisols obtained as per
ExampIeE14. 15 PI_?é_tisoI recipe (as per Ex. 14)
Xample 16:
5 Determination of gelling behaviour of filled and pigmented thermaily expandable

plastisols from Example 14

The gelling behaviour of the filled and pigmented thermally expandable plastisols
obtained in Example 14 was tested as described in Analysis point 11. {see above) using
10 a Physica MCR 101 in oscillation mode following plastisol storage at 25°C for 24 h. The

results are shown below in Table (20).

Table 20: Key points of gelling behaviour determined from geilihg curves (viscosity
curves) for filled and pigmented expandable plastisols obtained as per Example 14.

15

Plastisol recipe 1+ 2 3* 4% 5* g**

{as per Ex. 14)

reaching a plastisol 81 89 93 94 93 62
viscosity of 1000 Pa’s
at[°C]

reaching a plastisol 98 120 123 123 122 66
viscosity of

10 000 Pa*s at [°C]
maximum plastisol 22700 16000 | 14100 | 14200 | 14700 | 73700
viscosity [Pa*s] _
temperature on 125 132 132 132 134 80

reaching max.

plastisol viscosity [°C]

** = comparative example * = according to invention



3* 4** reaching a plastisol viscosity of 1000 Pa*s at VC] 81 89 93 94 93 62 reaching a plastisol
viscosity of 10 000 Pa*s at [C] 98 120 123 123 122 66 maximum plastisol viscosity [Pa*s] 22700
16000 14100 14200 14700 73700 temperature on reaching max.

15
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25
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The plastisol based only on dibutyl terephthalate shows — as was already the case with
the effect foam recipe (see Ex. 12) — distinct signs of pregelling at room temperature.
Accordingly, despite rapid gelling at low temperatures, there is no processability using
conventional technologies. The plastisols of the invention show a somewhat slower
gelling at slightly increased gelling temperatures, but maximum paste viscosity in the
gelled state is reached at a similar temperature as with DINP standard plastisol.
Plastisols are thus provided which — coupled with significantly improved processing
properties (see Example 15) — have essentially similar gelling properties to the current

standard system and are simultaneously free of ortho-phthalates.

Example 17; |
Production and appraisal of smooth foam from thermally expandabie p!astiso'is

as per Example 14

The smooth foams were produced similarly to the procedure described in Example 13
except that the plastisols produced in Example 14 were used. Expansion behaviour was
assessed similarly to the procedure described in Example 13. Yellowness indices were
determined on the fully gelled samples as described under Analysis point 13 (see
above). When it comes to appraising the surface quality/surface texture of smooth
foams it is particularly the uniformity and/or smoothness of the surface texture which is
assessed. In addition, the reverse side (paper) is appraised with regard to any
exudation/migration of recipe constituents. The assessment system is shown in the
following Table (21).



plastisol viscosity [C] 125 132 132 132 134 80 ** = comparative example* = according to invention 64
The plastisol based only on dibutyl terephthalate shows - as was already the case with the effect foam
recipe (see Ex. 12) - distinct signs of pregelling at room temperature. Accordingly, despite rapid gelling
at low temperatures, there is no processability using 5 conventional technologies. The plastisols of the
mvenhor\"i@o@@é@@ﬁ%ﬁﬁat slower gelling at slightly increased gelling tempReatlirBLUL AESAARIM
paste viscosity in the gelled state is reached at a similar temperature as with DINP standard plastisol.
Plastisols are thus provided which - coupled with si§hificantly improved processing properties (see
Example 15) - have essentially similar gelling properties to the current io standard system and are
simultaneously free of ortho-phthalates. Example 17: Production and appraisal of smooth foam from
thermallyf é%ﬁ&aﬁ@@%ﬂ@@ﬁssé@tw E)fe&ﬁﬁ@@ﬂmalﬂmefmﬂlfmwere produced S|m|IarIy to

the proc %g ‘?ﬁb“‘t’eu T : e used.
Expansion eﬁawour was assesse similarly to the procedure described in Example 13. Yellowness

indices|wlere determined cW@fdmbm@mn@&a&dﬁm@h@@wwoﬁmﬂy&w&ﬁéﬁ 20

above)| When it comes toappraisin the surface quality/surface texture of smooth foams it is
particularly the uniformity an /gF s of the surface texture which is assessed. In additjon, the

reverse gde (paper) is app@Eised wmhfa&a%i@my @rgislatiordeantio ol JeRR LONRYIMRNIF| The
assessment system is shgwn in the following Table (21). 25 WO 2 12/069283PCT/EP2011/069039

65 Table 21: Assessment sJ&8H3BHE 4 ace quality of smooth foams. Assessment Meaning
3 Satisfactory surface texture (uniformity & smoothness

acceptable and few irregularities)

4 Adequate surface texture (slight nonuniformities in surface
texture & reduced smoothness; distinct but homogeneously
distributed irregularities)

5 Defective surface texture (distinct nonuniformities in surface
texture & distinctly reduced smoothness; distinct irregularities

discernible}

6 Inadequate surface texture (markedly nonuniform surface
texture, distinctly rough and/or granular and/or undulating surface,

markedly inhomogeneous distribution of irregularities)

The reverse sides were assessed similarly to the assessments in relation to effect

foams (see Example 13/Table 16).

5 The surface texture of a smooth foam (i.e. of a foam which is supposed to have a
smooth surface texturing) is, as was the case with effect foam, essentially determined
by the processing properties of the plastisol used for producing it. Of particular
importance again are the plastisol viscosity, the flow behaviour of the plastisol
(characterized for example by the course of plastisol viscosity as a function of shear

10 rate), the gelling behaviour of the plastisol (pivotal for the size and distribution of gas
bubbles inter alia), the rate of gas bubble coalescence and the influence of the
plasticizers used on the decomposition of the blowing agent (what is known as auto kick

effects), and also the choice and combination of blowing agent(s) and decomposition



‘Very good surface texture (very high uniformity & smoothness; no irregularities) 2 Good surface
texture (high uniformity & smoothness; minimal irregularities) 3
Satisfactorysurfacetexture(uniformity&smoothness acceptable and few irregularities) 4
Adequatesurfacetexture(slightnonuniformitiesinsurface texture&reducedsmoothness;
distinctb e RIGHEREBESE distributed irregularities) 5 Defective surface textoeeT (B0 1/069039
nonuniformities insurface texture&distinctlyreducedsmoothness;distinctirregularities discernible) 6
Inadequatesurfacetexture(markedlynonuniformsurf&6e texture, distinctly rough and/or granular and/or
undulating surface, markedly inhomogeneous distribution of irregularities) The reverse sides were
assessed similarly to the assessments in relation to effect foams (see Example 13/Table 16). 5 The
surface tei@bEsEsh dMedihdelim dse. of susacernitinasssistaseestdhave assispthsndgaeifexturing)
& 28 epdimERRHLIERLINAIY) EsieNR s BTRS A i BRR Rl ORe ER oh e

plastisol used for producing it. O ticular importance again are the isol viscosi

behavio@f dhthéoprastibae (ehaiertefizdaringerataiielbytihe dms senot prastisol aﬁmm dkeadundction
of shear gatgk the gelling.hehaviour of the plastisol (pivotal for the size and distribution of gas bubbles
inter alia), the rate of gas bubble coalescence and the influence of the plasticizers used on the
decomposition of the blowing agent (what is known as auto kick effects), and also the choice and
combina ) composition 6 catal The s use of surface-active
cubstane e e S R T e L5 SRt e
open or tesdrttekicontentof te fdim. g&ibdhsyﬂwﬁsuﬂtmﬁ@ nadatialsduisibad aarebsehtiaheffect on
the end S A Isin reverse.side of cpated er allows, inferences to be
drawn aé%?#lé cf%th?ﬁ%k@n%%}e%cepﬁpnr hetf% geli“(?rs%/é?em O t gmfgﬁ?%ie@ﬂggﬁi Y
formulatimmm@mmwaesi\darmgaacea ml@adprdsbtmsmamu congiteenity IaaBrIMMGMUSrstenon

dis vanta Y. nerally a knock-out criterion to for the use of the
cor?lgspondgllﬁgg r‘%ﬁ‘éﬁ%&%ﬁ% suﬂ%e appraisal are summarized in the following Table (22).
Table 22F %Raemﬂtﬁtefcﬂdrfa@elﬂaclerewma!c@appramambwEiy wellesliefeds fogsrs (pom Example 14.

Table 22: Results of surface and reverse-side appraisal of fully gelled effect foams from
example 14.

Plastisol recipe 1 2¢ 3* 45 5" 6%
(as per Ex. 14)

expansion behaviour - OK. [OK |OK 0K |OK
yellowness index 8.8 8.2 8.5 8.4 84 |87
assessment of 2 2 25 125 |2 2
surface quality/texture

assessment of reverse side |1 1 1 1 1 1
after 24 h

assessment of reverse side |1 2 12 2 2 1

after 7 days

is

All examples according to the invention exhibit an expansion behaviour which is
comparable to the DINP standard and also a yeilownes_s index which is consistently
below the value of the DINP standard. Similarly, the surface quality of the smooth foams

produced is equivalent to that of the DINP standard smooth foam, and similarly no



“Plastisol recipe (as per Ex. 14)  6** expansion behaviour O.K. O.K. O.K. O.K. O.K. yellowness
index 8.8 8.2 8.5 8.4 8.4 8.7 assessment of surface quality/texture 22 2.52.52 2
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migration into the wall covering paper is observed whatsoever. Plastisols and foams are
thus provided which have distinctly improved properties compared with the known prior
art.



assessmentofreverseside after 24 h 11 11 1 1 assessmentofreverseside after 7 days 12 C\IC"121
15 All examples according to the invention exhibit an expansion behaviour which is comparable to the
DINP standard and also a yellowness index which is consistently below the value of the DINP
standard. Similarly, the surface quality of the smooth foams produced is equivalent to that of the DINP
standard/$RESthIEHH28Ad similarly no 67 migration into the wall coveringRS#ER2BHSAERA39
whatsoever. Plastisols and foams are thus provided which have distinctly improved properties
compared with the known prior art. 68 Claims: 1.A$8amable composition containing at least one
polymer selected from the group consisting of polyvinyl chloride, polyvinyl butyrate,
polyhydroxyalkanoate, 5 polyalkyl methacrylate, polyvinylidene chloride and copolymers thereof, a
foam forfrk&iM%d/or foam stabilizer and diisononyl terephthalate as plasticizer, wherein the average
degree of branching of the isononyl groups in the ester is in the range from 1.15 to 2.5.
1. A foamable composition containing at least one polymer selected from the group
consisting of polyvinyl chloride, polyvinyl butyrate, polyhydroxyalkanoate,
5 polyalkyl methacrylate, polyvinylidene chloride and copolymers thereof, a foam
former and/or foam stabilizer and diisonony! terephthalate as plasticizer, wherein
the average degree of branching of the isononyi groups in the ester is in the

range from 1.15 10 2.5.

10 2. A foamable composition according to claim 1, characterized in that the polymer is

polyvinyl chloride.

3. A foamable composition according to claim 1, characterized in that the polymer is
a copolymer of vinyl chioride with one or more monomers selected from the
15 group consisting of vinylidene chloride, vinyl acetate, vinyl propionate, viny!

butyrate, vinyl benzoate, methyl acrylate, ethyl acrylate or butyl acrylate.

4. A foamable composition according to one or more of claims 1 to 3, characterized
in that the amount of diisononyl terephthalate is in the range from 5 to 120 parts
20 by mass per 100 parts by mass of polymer.

5. A foamable composition according to one or more of claims 1 to 4, characterized
in that further plasticizers other than diisononyl terephthalate are additionally
present in the foamable composition. h
25
6. A foamable composition according to one or more 'of claims 1 to 5, characterized
in that the composition contains a gas bubble evolver component as foam former
and optionally a kicker.



‘A foamable composition according to claim 1, characterized in that the polymer is polyvinyl chloride. A
foamable composition according to claim 1, characterized in that the polymer is a copolymer of vinyl
chloride with one or more monomers selected from the group consisting of vinylidene chloride, vinyl
acetate, vinyl propionate, vinyl butyrate, vinyl benzoate, methyl acrylate, ethyl acrylate or butyl
acrylate. X & 2R 6888 bosition according to one or more of claims 1 to 3PEhBIEREDILEHGIEIE the
amount of diisononyl terephthalate is in the range from 5 to 120 parts by mass per 100 parts by mass
of polymer. A foamable composition according to o8 or more of claims 1 to 4, characterized in that
further plasticizers other than diisononyl terephthalate are additionally present in the foamable
composition. A foamable composition according to one or more of claims 1 to 5, characterized in that
the composition contains a gas bubble evolver component as foam former and optionally a kicker. 69
7.A foamable c iti roing: r ] cterized | -3
compostir;i%n co%{gﬁl%ﬂr%%ﬁ%%ié%%ﬁdﬂguﬁggﬁ F?éj/}é%érg,@; f&%&%ﬂf%ﬁﬁpéglsz%g%%tt%ﬁzc%criding
to one or more BY Blairkiie1cMesitipacesitan stieioss pengioRiaod/ costins urtRd&onstituents
selected from the group consisting of fillers, pigments, matting agents, thermal stabilizers,
costabilizers, antioxidants, viscosity regulators, foam stabilizers, processing aids and lubricants. 10 9.
The dse ®f the fO4RABRLIDANBBRITHACE6FGITHNS Wone artoereficlsitevéiadgs, shaltadeddads or
artficial leatherl G/ faained iRl cortainadhhdpanaie compaskienacoRiting, %l%kﬁ%s Lto

158. 11. A floor covering containing the foamable composition in amed state according to claims
1 to 8. 20 12.A GRIFEIVEIRY Ebatairna ratiamaibedcaarusititieimelestoliticer statosiebilickng to

claims 1 to 8. 13,Anadificia! lepthesrontalging e foamakle sampasition infbesfaamed tateyng
according to cla}lurgﬁi gahots&

10

9. The use of the foamable composition according to claims 1 to 8 for floor

coverings, wall coverings or artificial leather.

10. A foamed moulding containing the foamable composition according to claims 1 to
15 8.

1. A floor covering containing the foamable composition in the foamed state

according to claims 1 fo 8.

20 12. A wall covering containing the foamable composition in the foamed state

according to claims 1 o 8.

13.  An aitificial leather containing the foamable composition in the foamed state

according to claims 1 {o 8.



