WO 2012/069286PCT/EP2011/069126 1 USE OF DI(ISONONYL)CYCLOHEXANOATE (DINCH) IN
EXPANDABLE PVC FORMULATIONS The invention relates to a foamable composition containing at
least one polymer 5 selected from the group consisting of polyvinyl chloride, polyvinylidene chloride,
polyvinyl but ) %yl (meth)aaylate and copolymers thereof, a foam \};o er and/ar foam
stabilizew‘a%d)g i@éﬁgny ,2-cyclohexanedicarboxylate as plasticizer. Poly nﬁl’/l éﬁﬁ)’?ﬁ@k@@%}%@ one
of the most important commercial polymers. It is used in a wide variety of applications, in the form of
plasticiz V(@S @ﬁﬁﬁti}*@' p@l RPM¢ of 4 t applicati le ps,
floor cov‘t‘efﬁgE sc,é)veall\ﬁé%!/%%#gs and’also }Ffi)r%ﬁeis)E %mgt%s &/@i@%ﬁf T@j@erﬁﬁa%%{ﬁgée%ﬁéagicﬁyé
plasticizE@RMWHEH Y Ehe PVC. These customary plasticizers include for example phthalic esters
such as di-2-ethylhexyl phthalate (DEHP), diisononyl phthalate (DINP) and diisodecyl 15 phthalate
(DIDP). Many PVC articles are typically made to include layers of foam in order that the weight of the
products!&§dIMAs 80 eheted dtstniegrpebledipraadsitignus otaininpweleasitonal pebuirtements. The

user of a;foamesd prad L lQr: r sound i ion.in the case of
floor coveéitng_s I’I(':r&’t ﬁ?ﬁ?&?&%@ﬁﬁ é)ﬁ:g? %ﬁﬁiﬁ%ﬂe@d%ﬁ%m |§a§§:§n@en bn many
componERt¥\iy SOVPNC tBe B icizeplyagmntimissriaatoan dsrwelf as foam
former tupkuR I Statioed Inaningsknen e ResReNieablE-IpRATIiaUAL When fhedormulation
recipe includes at least a proportion of fast-gelling plasticizers (known as ast-ge’l ers) such as BBP
(benzyl butyl 25 phthalate). In many cases, however, the sole use of DINP has become established for

cost as wellaiglapidrasqesydn RopRediane sl manimeLs-sHERuI g artho-RibAlales I

children's toys, various statutory measures have been passed to regu IS group ubstances,
and'80 fanHEe it Ry spricaigRmininedarmt sbnaricEed PYitneplel asrefurgstezadustry is

working pyensiaenDisrdRiRBrem agsRrstrtafieLhpdpopliaiale thap are

toxicologically unconcerning and technically equivalent to the WO 2012/06 P20111069126
2 phthalSR¥€T g% Bhth gikcsane s fehriasdice-winvinwsy e rephansatbesastipiyr plestipleess
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alternatives, 5 EP 1 505 104 describes a foamable composition containing | enzoate as

plasticiz&8FCTrisEelotiovihsnyl Beiaiated Bk pRktdisendnetthalats (RiNPpesdiableatisaantage
thatli_gsor‘gmﬁlép‘g@zgmquﬁre very volatile and therefore escape from the polymer during processing and
also with increasing storage and service time. This presents appreciable problems with applications in
interiors in particular for example. 10 Therefore, isononyl benzoates are frequently used in the prior art

as p|astimgﬂg,chmxm@w§aec%@mm@@@wIm@g@r%mﬁﬁoamhﬁ'&&éﬁﬁf&%%&%mgtﬁéBP or

Isononyl benzoates are also used as fast-gellers. Furthermore, the use of fast-gellers such

else isofOHPHERZYSte SN tve Ale e estsEANPRIGRrHeRsHRE Yirte widbedipyver material

correspoBgiigs HasisOr ALAIUPST A5 dAHHEE DRHIGE AL RIRBHSIZRT 39 SR INEVG - nalyds sk
terephthalates. EP 1 808 457 Al describes the use of dialkyl terephthalates characterized In that the

alkyiradiesRhinsizticniedherasn ehBrerbrayariomie mpumeatbhn eurlitvel Jampingtoiisper
alkyl radicalfitiairdtid aneriipalici entars RRDLRHPERENE GATRRR AN A DI |ndest-carhon

chain of the alcohol are said to be very useful as fast-gelling plasticizers for PVC. This is also said to

be surpiii ParE RIpHe hErRGEem oriiAs v el af {oripHamanerdyre S RuRljarGeD) toempiier art as
incompagiieaiitB ¥E abhatefre e drisURstiRRHIRE rStAam Féée!}%'_ IRRRbalpiEs g8 also

useful in chemically or mechanically toamed layers or in compact layers/primers. But even these 25

plasticizefSrRbensh&sieslies aesirasmyivopnnandtgeteherahsish e Bribibasaichtivhed
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i

1,2-cyclohexanedicarboxylic acid and also processes for production thereof. Mixtures of diisononyl
cost as well as other reasons.

In connection with the contrdversy surrounding ortho-phthalates in children’s toys,

various statutory measures have been passed to regulate this group of substances, and
30 further tightening of the legislation cannot be ruled out in principle. Therefore, the

industry is working intensively on the development of novel plasticizers free of ortho-

phthalate that are toxicologically unconcerning and technically equivalent to the



30 esters of 1,2-cyclohexanedicarboxylic acid are characterized by a certain average degree of
branching for the isononyl radicals, which is in the range from 1.2 to 2.0. The compounds are used as
plasticizers for PVC. WO 2012/069286PCT/EP2011/069126 3 WO 03/029339 describes numerous
perform égs‘? é)%gﬁ%ohexanedicarboxylic esters, including DINCH. 5 Wﬁ% 2009/085453 discloses
that DIN ( t worse gelling properties than DINP for example, 1 thﬁﬁ%ggt%%ﬁ%?@ﬁave to
be-used as a compensatory measure. None of the d&orementioned documents includes data about the

behavio J [%arm%; pes. ver, d h istinctly worse
gelling blﬂe{ﬂ%fl\fi%él%%ﬁglrl\l H co#ézé;ér%%%wél%%%%@w%ﬁﬁé Mﬁgﬁei%%%%%%ﬁ?&ﬁ%ﬁ?éaf%rabiIity, i.e. the
percenteRjafoaIaiaH PiscupinvimeatcigiveraredinathoryathieHl ba e remecitigéd:éom a

statementdn, thefamiligp teyihogk Handbook of Vinyl Formulating”, Second Edition, 15 John Wiley
(ISBN 978-0-471-71046-2), p. 384, that "... with slower fusing plasticizers ..., it may be necessary to ...
run at higher oven temperatures" to effect foaming. Higher temperatures, however, are

disadvarpgeais 95 ANgRISERISA SRS 5@}55@4@8%@%@%@ @g}%@@gﬂ%ﬁéest@;&@d 10

discolour through thermal ageing. 20 The proble invention Is accordingly that of
identifyindasiiGizpladiiezess &8 isghipiideninpine peridstiguralbaneviiose o tiBi NP @esmbithout the

use of fasis r "t%ap& | ifficulties o fagter
viscositﬁr%c%r‘%l?s@%grgShigggégggﬁg%%gg%%g% g% r tim%ﬁ}g%ga%g?ﬁgﬁléé#%%%p%gp §gﬁ§¥§[ly higher
volatility PREAEEREledBOtRERREFRBESHIE shduluidisodseasindilsiomproaadsiblvjdetineueldigscosity

which s fieksahava shatabie papehaantas iNToRe AlaARMeR increasel flluenlyoud again

have to be added to adjust the viscosity of plastisol and thereatter the diluent would have to be
thertfally BRisEmse, dxRnenytherseaias shpriseaysindy goerhis tberricalastetsigtaddiciaived by a

foamabl - it in| St inyl chloride,
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(meth)aéﬁﬂﬁ@ﬁﬁ@é@@sﬂﬁ@@mm@ﬁ?@ fafasbaabeEn diortheamambiiesisand disboeligrs
1,2-cyclehexanedinarbeyalesasp %ﬁ%ba@@@ﬁﬂ%%'ﬁﬁ'@%g&ﬁﬁﬁ?w h increase in

1,2-cyclohexanedicarboxylate (DINCH) and a foam 5 former or a foam stabilizer were very surprisingly
found tothe ¥ineasierfer BrodusiRpPerfonamBiasifoante@ldyess which, compared with corresponding
DINR-containing compositions, exhibit distinctly greater expansion behaviour with unchanged
temperature and residence time even though the gelling rate has been reduced. This makes it possible

to reducE&ithRi B HPbLRISHE e Jeraterd o P thie eludpattdriersnithelptese same, the residence
time, angghip dearsdp A PeRAGH RN BEEWILIMS MEIERHRRIBhSL %Q@&é?&é&%ﬁﬁf%ﬁ%ﬂ&s for the

processor. This is surprising because this is at odds with established textbook opinion (e.g. 'Handbook

of Vinyl REYhiASiFRS, Adangesicaben ARy aSBN o7greUErsaThoaGie)np&ys 384) tadvon
better-g@i&f}ﬁd@&éﬂgi%ﬁﬁaﬂﬁ%i%%ﬁ%zh*ﬁé\%@%@@%@&é@&%%ﬁﬁw%@m cacle SRRRORton of

the invention further leads to a lower plastisol viscosity, particulafly in the industrially important region

of coinpHr&tioBREsigtPEReRchaEsODRe aliehad @sndaist inibgsyesy Bsafiprs fasteelinen addition of
solid adghfaeethayiseasULisSTHiY |8 F0SSINYRIER s 10AFRBlE COTRPBLIAS LR DR RIREESSed
without additional costI){.
such terephthalic esters were regarded in the prior art as incompatible with PVC. The
reference in question further states that dialkyl terephthalates are also useful in
chemically or mechanically foamed layers or in compact layers/primers. But even these
25 plasticizers have to be classified as relatively volatile fast-gellers, and so the problems

mentioned above continue fo persist in principle.

WO 2006/136471 A1 describes mixtures of diiéonony! esters of 1,2-cyclohexane-
dicarboxylic acid and also processes for production thereof. Mixtures of diisononyl

30 esters of 1,2-cyclohexanedicarboxylic acid are characterized by a certain average
degree of branching for the isononyt radicals, which is in the range from 1.2 to 2.0. The
compounds are used as plasticizers for PVC.



20 viscosity-lowering substances having to be added. For example, the machines used to apply the
plastisols in the production of wall coverings, floor coverings and artificial leather for example can be
run at distinctly higher rates of speed, increasing productivity. 25 A further advantage is that the
foamablwéﬁositions can be processed at lower temperatures and therefore also exhibit a distinctly
lower ye £iH88£8Bven if the processing temperature is not changed” thE/GERIRAIHEE9AEExX of
the sheets of foam which are obtained from the con‘?’positions of the invention is lower than that of a
corresponding DINE' recipe. 30 WO 2012/069286PCT/EP2011/069126 5 compositions of the prior art.
The possibility of dispensing with volatile fast-gellers also facilitates the use for applications in interiors,
since th&/\ilastid83A tescobesositiosrolithpdriventioatedessveptishand asailesbHxone to escape
from the cpg?bggc.i%ﬁtﬂlgaﬁgﬁ\rjeﬂolymer present in the foamable composition is selected from the group
consisting of p’olywﬁyi’b% oride (PVC), polyvinylidene chloride, polyalkyl (meth)acrylate (PAMA) and
polyvinyl butyrate (PVB). In one preferred embodiment, the polymer may be a copolymer of vinyl
chloride Wi 7 onomer from the group consisting of vinylidene chloride, vinyl
DUty e, o e AL 0 e Ay i Y RO BRerigies thar
1,2-cycléhbiedivarbolylaedrtthefioamaliescompadsitienisqieferabiynip g sangafemido 150
parts by mass, more preferably in the range from 15 10 to 100 parts by mass, even more preferably in
the range from 10 to 80 pads by mass and most preferably in the range from 15 to 90 parts by mass
per 100 Paxis by inasswepuptimred divefoamsiielcdespdstticibmaytioptienalyccoman fughen
addition%gllﬁlggqj‘%girgs ther 20 than diisononyl 1,2-cyclohexanedicarboxylate. The solvation and/or
gelling capacity of a ditional plasticizers can be higher than, the same as or lower than that of the
diiséhonyl 1,2-cyclohexanedicarboxylates of the invention. The mass ratio of employed additional

lastici i 2-cycloh dicarboxylat fthei iQn. i
Parici bt Ry 6 S AR e B P ST Rt etween 1:10
and 5:1 epeneseat mihe [Pt rablydbaveem hdvease difecAddifomalpldisticize tbarscpasticalrly esters

of ortho [ | ' lic. aci re alic acid, of cyclohexanedicarboxylic acid
(other tk@%ﬁﬁi{grgg@i@qﬁéﬂ)}ec%p%éggnhgﬁ%ﬁé%@fﬁe ,hcln? mr'“ﬁseqﬁ%oa %?8?%?%%&?&% enzoic acid,
of isonoAtaterseid; diesthillheiexibiocdicid aotibotanofc\aid Fafr8)6|&tiniieBudbagaBditacid and/or
WO, 2012/06928 1/06912 sters otpytanol, pentanol, octanol,. 2-ethylhexanol,
ison}ona_no?, decagr%ﬁ%ﬁ%%ﬁf%r?jeﬁaﬁsgﬁ{’/@é%@%ﬁtg%r i§0‘s"’c?r%i%‘g \g%ié?g%ggﬁpgﬁ/s Eirfdtves and
mixturedt Mevaheagneserapitoto. use etiighsterysndhrapdontares! iteciizatyfdrmity ciligteor
benzoatgg,, rngi %Mt,g ition foamed up chemigally or.mechanically.
Chemical fogaénF?r% P%%’rgej‘ IS to%tg;(g auér?gg%t%%gg Qg’%éé%aun%?g tlgﬁa? ?ﬁrg fSamanie %%l&}?gsﬁﬁb%ec%ﬁ%s a
foam forpRetsaiidalby aaerdhdepmdpobitictisotdevdtedugmperahakadmintg gaseous components
which then effectuate the foaming up. to It is therefore further preferable for the foamable composition
of the invention to contain a foam former. This foam former can be a compound which evolves gas

bub%@lesH?f_@l pipiealgdsiassas hkiticeinwaoken ieferstudingty ibanpbidedsfyihigisealtalyse the thermal
decompgriian Al s MPHE AR GAMRRTER NG FAUSH 118 (A BIEL 0 decompose by

evolving a gas and the foarnable co sition to be'foame oam formers’ar ed
blowing égferfdassaglinpormsnt thewinegas!bupbies<hilsipreferabletoanpascbdifficultibebicineon
exposurg, te-heat desomp i i i ing.about expansi f the
composition.‘O.né: esfé?nple 0 aﬂ@@%@%ﬁe@sﬁﬁﬁw g#%ﬁ%%gorgn%&un %TSSFSE% |c§1%%?f£t%%q which
releasedreiRmMrbhRigher antlity oNehethelbdechepopiiotisthestiectungssiten temperature of the
blowing 20 agent can be lawered hy the ki . t L blowi ti
p,p™-OXy _is(benzlenééufphonyliy%z%@%)k?@@ Icg gé%égi?ﬁ%h%gﬁgg\?v%e%%}égi%gggl i([))rwgmperature
comparéi@ftRiagsWisarivsaasad. dlushbripftiragdoniuaveitwiegealgetso adjust the viscosity

of plastisol and thereafter the diluent would have to be thermally expelled again in the

course of processing.

30 This technical problem is solved by a foamable composition containing a polymer

selected from the group consisting of polyvinyl chioride, polyvinylidene chloride,



is discernible from the "Handbook of Vinyl Formulating”, Second Edition, John Wiley (ISBN
978-0-471-71046-2), pages 379 ff. The blowing agent is particularly preferably 25 azodicarbonamide.
In contradistinction to chemical foaming, the operation of mechanical foaming involves the foam being

produce j i gas, preferably air, into the composition by vigor irring, similarly to the
productig\rg%#v%%ppe crgam, to produce what is knpwn 30 as beaten foangg %'sﬁ%%g% &.@ﬁg?%@r
example applied to a support and subsequently fixed by the high processing temperature. To prevent
the dec Hion Bles) Pﬁ%ﬁﬂ e H?@%ﬁ&% | tabil] in. mechanical
foams. Pt W0 2%12/0’6@%26P&?/EP2£%1%69126 7 ?t% %ﬁﬁ‘e%igp@%?ﬁ?.% tf#é?(r@ré?prggﬁion of the
inventio® BEPbEOBBrsTERSR anhkBR Muah Istabitiehs Snediftaihosidbiizasplasiibiedased for

example on silicone or soap and are for example available under the brand names BYK (from
Byk-Chemie). These are used in amounts of 1 to 10, preferably 1 to 8 and more preferably 2 to 4 parts

by 5 ma$<OpERoRitopareo Bl ks ispanTve . Rulthiseeiie donderninate BN Gdtnasthbifizans (e.g.
calcium AgeienieR IR Qe BR Lanel IRRAARZR234 GliapRArRIsdnRdgple. the

foamable compositions of the invention can’be for exaniple plastisols tainable by mixing
emulsiofOS S0 APER B VI FIth SRBREcBfPERaNE Ssipnging hd-eantiridgrther preferable

for the foamaRleRaPesiien PRI ALEIRYRION B Col B Vel AicHaglerable for the

foamable composition of the invention to include an 15 emulsion PVC t olecular weight in

terms of HEREARNIE BrikREIERBFBJIBRAYER theughdeerasiivg teteohanberoreegtsiechbiimn the
range Mo ResIA BAsdibR ieavsalic.catmeraiip st Rimpslerab sontaiR addiianal pdilives.

more particularly selected from the group consisting of fillers, pigments, therma

antibkid &6t thscemng rdypiraedenra tiag faahtbiatants dofrpiedeniaaingt panesiblipeowiiers and
lubricants. i1RPhie HeReHONS/A il ' iz ric.acid.eliminated
during and/or after the %ro‘é};‘l‘essintg'| gﬁ%g%@;fﬁ%%ﬁ%%ﬁﬁﬁ%ﬁﬁ ggg?gcgj@fgoﬂr%gfg tllgsegZ %]o ymer.

ThermaltaBis drdhitaplishastiasthpakeoniyion (ke isandhgoi el \drifasrulaiiond. or liquid form,
for exampledhesedinss ISR CHASy REER. £15-51 1 Sraacs g3 (PRPEL AR

acid-binding phyllosilicates such as hydrotalcite. The mixtures c’)é thée invention may co tam?rom 0.5t0
10, pref@EBHAIERT BIRD BeatmbIEhBfteran§ifiona!es doingdRsBiNMass of thermal stabilizers per
100;parts by 30 mass of polymer. WO 2012/069286PCT/EP2011/069126 8 Both organic and
inorganic pigments can be used for the purposes of the present invention. The pigment content is

between 09 POMBOENRHY R INYRBHIGA MY YToRES Sordp waisyasiis maiecositeraBitiouadito 3% by
mass pah 188 PRIGSPKINasHEHBPYEEI0F SREHNESPA NI MR REBE A GiilS. S RRINZ93, Cr203.

Examples of 5 known organic pigments are azo dyes, phthalocyanine pigments, dioxazine pigments

and als®hHARESplgHRMAT N dbatRISREhgddiigams spitmdditrs dbey ssesitisis siphatic or
aromatigApgkaaarhni te rlsereala iR BSIIAR VAIYRS SEERsIUEARAMAIE A ISy
20 viscosity-lowering substances having to be added. For example, the machines used to
apply the plastisols in the production of wall coverings, floor coverings and artificial
leather for example can be run at distinctly higher rates of speed, increasing

productivity.

25  Afurther advantage is that the foamable compositions can be processed at lower
temperatures and therefore also exhibit a distinctly lower yellowness index. Even if the
processing temperature is not changed, the yellowness index of the sheets of foam
which are obtained from the compositions of the invention is lower than that of a
corresponding DINP recipe.

30
it must further be noted that the diisononyl 1,2-cyclohexanedicarboxylates of the

invention are distinctly less volatile than isonony! benzoates used in foamable



10 1,3-pentanediol diisobutyrate, known as TXIB (from Eastman). The latter is also very readily
replaced by isononyl benzoate, because intrinsic viscosity is similar. Owing to the low viscosity of
plastisols based on the composition of the invention the consumption of viscosity-lowering reagents is
rather Io% i ity ing reagents are added in proportion of 0.5 to 30 %f ?%I 110 20 and
more prefegg@@ }t%ﬁl%\% parts by mass per 100 parts by mass of ponmeF.JO é gﬁ 3/1 17069126
viscosity-lowering additives are available for examplé under the trade name Viskobyk (from

Oyke Chegitipddeciesh iy Vaaan MHRSIRLOKAIEEPLLIRISHALIG AR B cpppsgn for foor

coverings, wall coverings or artificial leather. The iriventi her provi covering
containifighEatsartimisedaipyaisatisndnmvtasinn, ainesltbevelaatictormminitgetivonvamsitale of
composiion ALURINERI ek alialiealhencQiaiina nedoasaafin cppgslipn of the invention.
Diisononyl 1,2-cyclohexanedicarboxylate is obtained for example as described in 25 WO 2006/136471
Al. These esters are obtainable by transesterifying esters of 1,2- cyclohexanedicarboxylic acid with a

mixture ofisoORReHRPHRIARNINEBRH iF?iﬂﬁer?eQM%WgBﬁqg%@%%fémﬁ?gﬂﬁ e

obtainable by esterification of 1,2-cyclohexanedicarboxylic acid or the an

of primafPAGIFINGIS! IPWiRYER PR (EME londirvintdidensnohderiencedpatinfidingth Risldatdder
reaction @ g Ryiadiens ansl malgifaphdiise to obtain diisononyl 1,2-cyclohexanedicarboxylate, as
describegjin WO 02/066412 for e?ampltg. It% also particularly preferable to obtain the WO
2012/069286PCT/EP2011/069126 9 diisononyl 1,2-cyclohexanedicarboxylates by ring hydrogenation

of the CorasRopinerFisenanu PR IS gRATGHEP DY e BadicHiRrLSUSPIa Iar R gINg

diisononyl 1,2-cyclohexane- 5 dicarboxylates are commercially avai om Evonik Oxeno for

exaMiple? BERhEPRIG E1ARBIFGRCISategTirBarcdicHPrey s D M Einy lisiane cvarissieviny b
ready-mpde,/RieduakHRMaBARRe( MRhbO NGy PryaNigEs Asian companies such as NanYa of

Taiwan for example. io The diisononyl 1,2-cyclohexanedicarboxylates used according to the invention
have the following thermal properties (determined by differential scanning calorimetry/DSC): 1. They

have at leR&tARBEHRES HRRFIBAYI PO R INSish SRS SR (Redfing frie AR 'éHmrQ);Qifti DSC

thermogram. 152. At least one of the glass transition points detected in the abovementione If)SC

measurdifit BRI [BRIFRTTS 4p - B0 PR FN Bl P L8 5es Ricia pie e rhnbel 5wm8sC and
evepsmore peforapl AW RRACVRRNRRE BretarBMhAdiBSah GSRRRIANY Whar B%Q%@%ﬁ%@fr
ne of the glass

foams having particularly good low-temperature flexibility are to be produced, at least o

transitioR YO PBRARSRIEBBY it dhe sBBOEHTERNIRY BS earie aurenserss bfbnassdpsaasd of
-85C, pretayahdy below -88C and more preferably below -90C. 3. They have no detectable melting
peak in the first heating curve (heating rate 10 K/min) of the DSC thermogram (and thus a melting
enthalpy of 0 J/g). 25 The glass transition temperature and also to some extent the melting enthalpy

can be Vﬁlﬁ@ddémﬁlﬂecb@iﬁgd&ﬁ&pﬁ@g@mw&t@ﬂR@%{HefH?tﬁ@rf%ﬁﬁ%ﬂg?ﬂ%iﬂ&&ﬂmb'e

composition of the invention is obtainable in various ways known to a person skilled in the art.
Ger?rgralfb,%%@\?&??%"cgfﬁ}ﬂ%@%ﬁ%%%Mﬁkﬂﬁtensively 30 mixing all components in a suitable

mixing container. Here the components are preferably added in succession (see also E.J. Wickson,

"Hande[ok of PVC Formulating”, John Wiley and Sons, 1993, tp 727).
he solvation and/or gelfing capacity of additional plasticizers can be higher than, the

same as or lower than that of the diisononyl 1,2-cyclohexanedicarboxylates of the

invention. The mass ratio of empioyed additional plasticizers to the employed diisononyl
25 1,2-cyclohexanedicarboxylates of the invention is particularly between 1:10 and 10:1,

preferably between 1:10 and 8:1, more preferably between 1:10 and 5:1 and even more

preferably between 1:10 and 1:1.

Additional plasticizers are particularly esters of ortho-phthalic acid, of isophthalic acid, of
30 terephthalic acid, of cyclohexanedicarboxylic acid (other than diisonony! 1,2-cyclo-
hexanedicarboxylate), of trimellitic acid, of citric acid, of benzoic acid, of isononanoic

acid, of 2-ethylhexanoic acid, of octanoic acid, of 3,5,5-trimethylhexanoic acid and/or



WO 2012/069286PCT/EP2011/069126 10 The foamable composition of the invention can be used for
production of foamed mouldings containing at least a polymer selected from the group polyvinyl
chloride or polyvinylidene chloride or copolymers thereof. S Examples of foamed products of this type
are artifigigh| t\hﬁh overings or wall coverings, more particularly the r&% m & % ctsin
cushion ?/{liili!))/?f?oorinaﬂﬁ::?r%]gc?c wall coverings. 10 The fo%med products from the{%‘éj t%@éi gé(i %n of
the invention are obtained by initially applying the foamable composition to a support or a further

polymerigdayaraand;faanning tas-coraresiiprbefermar afisr Wﬁjém ga@,}'vm%%wme

applied and/or foamed composition to thermal processing. 15 Unlike méchanical foam, cheniical
foams afEdfR 6N ShandGisE BFpRide sumsalgeribriy el e vrmgndrnéuresthié sy isfoamed
composiRdsampliscie e ners ieferabiyushisrr e IndRisad gl pssfauning the
process, profiling the foam can be achieved through selective application of inhibitor solutions, for
example via a rotary screen printing rig. In those places where the inhibitor solution was applied 20

plastisolipansiae dueneaeteompByak R BeTUAER cliahiluilh somagiaLRigcrice

chemical foamingizis distinctly more popular than mechanical foaming. Furt}?er information concerning

chemicaFBRAVRELIRATNACIESRIHY IR BRskeAfmHoRemsBreaninglea e Wriaite teanpbeibkiof PVC
Formulagipgtaib@93 forroiey #raans HE?&H‘?AM&H&&HB&R%%@8!8%%8@%951%@3?&%8%‘%

through 25 what is known as mechanical embossing using an embossing roll for example. Bot
processE§ PGB BAPEOH waieh dethallrsiwale fiha {pamisaatPto 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 30 as layers of foam. Such supports can be, for
exatfipld! RdbEEENS SpribenRecfpaig IR fasenb & semmeostigmefitrjrrentigiptopiea@ione
which hasipeewiestshePeRSRIBRISIRINEF Partiala R aie Draaiedonay 8l fuRHIgn 254 support.
This WO 2012/069286PCT/EP2011/069126 11 method is practised particularly in the case of CV floor
coveringPoRaiiGentainga BeEkssr&iglerselsBdm vattlcompmadh el vataenthtkes place in
what is kpemiensidcaping BidHniTehaeaeraliae evendheereionbinh she layesapplied e the support

and composed of the composition of the invention is passed, or into which the support to which the
layer hatohB&h Sppfca Mol G@HErd 316 serodeTRefirhlienesmaratiamiehadaarsas wblidify
(gebstherfoamesinges. dnct AR 6380 M5 & MRoNITR) fRgeniRg A@%&ﬁkﬁ@ﬁéﬁ%ﬂ@%@ﬁé basambied;vith an

apparatus serving to produce the foam. It is possible, o for instance, to use only one gelling tunnel, in

the upstPESIRTBBIEJA HPRAICAMRANEIWRIAHPH P IRE folthh RPbroateBPeRemiBIgBFeoUS
decompesiinudraasitarbing GHBReBRPAHEISHRAThE B sesYBHe BNt HaWRstEa fRestion of

the gelling tunnel, at a second temperature which is preferably higher than the first temperature, into

the finisHEr 87 ARt _HBCH GaMRC BRI T aRROBGIMIRRItMNCH ielaassorERsieminamlgelling
and foamingrig RedplaperfiAUERSARSNIRIT THOIBdEHMREHAIR %hﬁf@bﬁﬁ?@%ﬁﬂ@& atures

(gelling temperatures) are in the range from 130 to 280C and preferably in the range from 150 to

250¢. IPHTHRARPE] MGRRE Y GalItg She Urist HsRTBLRIAYANG BEaRdSap eog¥hisy temperatures
mentiongskfren otip oh Byl bARiaN eBcRsalRIABIM 21PRESS MRt IRB8dRiRUEELH the case of

processes which 20 operate continuously, the duration of the heat treatment here may be adjusted via

the lengtR BPRTBIYERIAGTRATER At REAPEREPRNAMES the iR RimakeTeanPlowies pagsis

therethraugiscéyimisil feaming terapenalskest (EhenreahiormgregBdhed angedRonbAG0AAA0C and
preferatgﬁéfgkir:%e{éang from 180 to 220C. 25 In the case of multilayered systems, the shape of the
e

individu 8 Gantafy Ktk By what £ KR iBeeagaiihis drficWaplicer plasidyl at a
temperadurei kel thet@somposition 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

In contradistinction to chemical foaming, the operation of mechanical foaming involves
the foam being produced by introducing a gas, preferably air, into the composition by
vigorous stirring, similarly to the production of whipped cream, to produce what is known

30 as beaten foam. The foam is then for example applied to a support and subsequently
fixed by the high processing temperature. To prevent the decomposition of foam

bubbles over time, it is preferable to use foam stabilizers in mechanical foams. Foam



30 foaming. The desired profiling can also be extended to the overlayer by this procedure. WO
2012/069286PCT/EP2011/069126 12 The foamable compositions of the invention are advantageous
over the prior art in that they are either more rapidly processible at unchanged temperatures or

alternati bﬁ 53N ?/%&%%%ssed at lower temperatures, and hence appreciag;é%g?\g ﬁ?&ﬁe@%gncy of
't m are

the manutacturing opération for PVC foams. Further7more, the plasticizers us
less volatile than, for example, the isononyl benzoates mentioned in the prior art, and hence the PVC

foam is J [ for Interi ppligati :particular. ples which. follow
iIIustrate%%?n%%ﬁ%?ﬁy f?)H @%@gf%%g@gP%%%@%g&l 6%163%@?;%?@%'& g%'r%ﬁ?ﬁeation of
purity GEOpUtisfasikzesss %@J@@m@@@n&mé@wﬂ@mQxerraummas_ﬁfonng\gjremao
Technolagiesia AdEaFOLBNAIRO AL MBI ARSI O il R dRigknegs .25 pm)
from J&W Scientific and a flame ionization detector under the following gerteral conditions: Tnitial oven
temperaflifet§80 & BM@YMe Singteald 1efetaiedy 10k han{3nereanisjere 8E0B40Er26H/min Total

un e gy 1719538 biosls ek sApRERUe AROG SRRl v A . Ekpin G gas:

helium Final oven temperature: 350C (2) Isothermal: 10 min at 300C Spilit ratio: 200:1 Total flux:

124.6 mPtARiiFgEeH BV SRIFIETBdRRG eniPes ZDRESHIBNRIAIR) 816 8 FBBOB el GatD DREH5Heh 1

for example.

In principle, the foamable compositions of the invention can be for example plastisols
16 obtainable by mixing emulsion or microsuspension PVC with liquid components such as

plasticizers.

It is further preferable for the foamable composition to contain an emulsion PVC. ltis
very particularly preferable for the foamable composition of the invention to include an
15 emulsion PVC that has a molecular weight in terms of the K-value (Fikentscher

constant) in the range from 60 to 95 and more preferably in the range from 65 to 90.

The foamable composition may further preferably contain additional additives, more
particularly selected from the group consisting of fillers, pigments, thermal stabilizers,
20 antioxidanis, viscosity regulators, (further) foam stabilizers, flame retardants, adhesion

promoters and lubricants.

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
25 polymer. Thermal stabilizers which can be used are any of the customary PVC
stabilizers in solid or liquid form, for example those based 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 parts by

30 mass of polymer.



Hydrogen flow rate: 40 ml/minAir flow rate: 440 ml/min 20 Makeup gas: heliumFluorite makeup gas: 45
ml/mm The gas chromatograms obtained are evaluated manually against available comparative
substances, purity is reported in area per cent, Owing to high end contents of > 99.7% for target

substan%dl@i%@égg% due to no calibration for the particular 25 sample sﬁgs?%%??c&el ﬁ éI(g){:?;/ng]Zgﬁion

Procedure 0 analysis, determination of melting enthalpy Melting enthi
temperature are determined via differential scanning calorimetry (DSC) as per DIN 51007

(lmperatuth iA0aflr ol HACACBIANE LA INeSLPRIDD Hite-al 4 eaipadals of 10 Kimin

Before measurement, the samples were cooled down to -1 equen catel up at the

stated h&xfY eate] FtRIOMeasoanE Hdebeivmand) Me i u@ihdyt wassc andéer ablyuSing e
2012/0632860 ¢ 1ELZ0d HE 1rEr MBIy 00, 25 Q@%tsgthé%\%ﬁnmﬁdﬂiﬁ%‘% %@%‘?«Hhe heat flow

curve is evaluated as glass transition temperature. Melting enthalpy I1s determined Dy iritegration of
peak areSyeinExashrisfeat Buttaans B@rpatemimaitn SioslbiAliSal \ideOsitf Ranapitsstiol viscosity
was meaHyRA URRMR BRYSIGRMER AL famdimianseaan| AN Wit g 23"
measuring systen%lNEZ. mm). The plastisolﬁv?/’as initigﬁ{/li ﬂc@)rﬁ)oggré%ﬁgdggﬁgg moré@;}t\%{?ﬁnixing
containe?ty 36RiAY I0aRiEAYYSula, then introduced into the measuring system and measured
isothermally at 25C. The following points were targeted during measurement: 1. A pre-shear of 100 sa

period of 60 s, during which no values were recorded (to level any thixotropic effects). 15 2. A
downwaMSERA[YOIOHE éMe sp s Beyinsihgal ReoisecrareRtiRryalipbatis-0r aividediinto a logarithmic
- series 0,30, 2feRHEASN R B RLCOAT DRASLINGRRIR, A rgments; wee generally
carried oﬁg(unless otherwise stated) f)[o?Iowing a2024h s%!r%gé[r%egrﬁ%@%? fh%r%gﬁfs&é%sriﬁ he

plastisold wehenitsiediah discmeyiien theweas U Beitem Epstaanin diwnlatterlirajsateePlastisol
gelling befavkpve¥IasIaRPIIHBHY MR RADEHE BMER SO IR RSE RIREKIT 998 imilar. Owing to
the low viscosity of plastisols based on the composition of the invention the
consumption of viscosity-lowering reagents is rather low. Viscosity-lowering reagents
are added in proportion of 0.5 to 30, preferably 1 to 20 and more preferably 2 to 15
15 parts by mass per 100 parts by mass of polymer. Specific viscosity-lowering additives

are available for example under the trade name Viskobyk (from Byk-Chemie).

The present invention further provides for the use of the foamable composition for floor

coverings, wall coverings or artificial leather. The invention yet further provides a floor
20  covering containing the foamabie composition of the invention, a wall covering

containing the foamable composition of the invention or artificial leather containing the

foamable composition of the invention.

Diisononyl 1,2-cyclohexanedicarboxylate is obtained for example as described in
25 WO 2006/136471 A1. These esters are obtainable by transesterifying esters of 1,2-
cyclohexanedicarboxylic acid with a mixture of isomeric primary nonanols. Diisononyl
1,2-cyclohexanedicarboxyiate is preferably obtainable by esterification of 1,2-cyclo-
hexanedicarboxylic acid or the anhydride thereof with a mixture of primary nonanols. It
is similarly preferable to use a reaction sequence comprising a Diels-Alder reaction of
3¢ butadiene and maleic anhydride to obtain diisonony! 1,2-cyclohexanedicarboxylate, as

described in WO 02/066412 for example. It is also particularly preferable to obtain the



25 with a plate-plate measuring system (PP25) operated under shear stress control. An additional
heating hood was connected to the instrument to achieve the best possible distribution of heat. Test
parameters: Mode:temperature gradient (temperature ramp linear) 30starting temperature: 25C end

temper :2@ ing/cooling rate: 5 K/min WO 2012/069286PCT/EUFI;%§)1&#§; égz illation
frequenac\:‘}y:EZ- . %gr&a?rﬁg (logarithmic) circular frquency omega: 101/s num faﬁ Q#%g%oints:
63 measuring point duration: 0,5 min 5no automatic’gap readjustment constant measuring point

duration GBI DB PEIMERSHERMERRASEIIES: 10/ SRR MRS ISPt o ARl So%%ﬂyggf the

plastisol recipe to be méasured, free from air er plate of the measuring system.
Care wadiiBaRAPHERERAEHESre that some plastisol could exude uniformly out of the measuring system
(not more than about 6 mm overall) after the measuring system had been closed. The heating hood
was subsequently positioned over the sample and the measurement started. 15 What was determined
is the soNQUIRPEBMBIER Y RROGH st kit Sor ablaifinatdisonanytdmpereiehexanmet of gelling was

identifiabig 2y Sxildfss markenine AR SMYIBRSHY ETBRRIIRIE SLRSELA s rise in viscosity,

the better the gelling capability of the system. The measured curves obtained were used to determine,

by intergofStshMe % SR PP PMstidor o havpeesicrss atlatr KRINGHpIsalsscosrijedta @s0ePa*s or
10 000 ?@é&%ﬁ%é@ﬁ%&%ﬁpﬂﬂ%ﬁﬁ@%ﬁﬁ@@ﬁeﬁm USRS HR @QQ@W(‘EBHE% e e

maximum plastisol viscosity achieved in the present experimental set-up, and also, by dropping a
perpendRSURNR s dmikraiLier sydeRkhich maximum plastisol viscosity occurs. 25 5. Production of
foam sheets 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%mnT N8 HiSPRODEbESaiclgfreanedisasbmuatiirrifed secmsing ird)avavantiantbaupdae
productipnIiafenawisprepLAdasdolbhiaiede Birdraam bk Mg Haishlade gpmwas checked

with a feeler gauge and adjusted if necessary. The plastisols were coated with the roll

1. They have at least one glass transition point in the first heating curve (heating
rate 10 K/min) of the DSC thermogram.

15 2. Atleast one of the glass transition points detected in the abovementioned DSC
measurement is below a temperature of -80°C, preferably below -85°C, more
preferably below -88°C and even more preferably below -90°C. In one particular
embodiment, especially when plastisols/polymer foams having particularly good
low-temperature flexibility are to be produced, at least one of the glass transition

20 points detected in the abovementioned DSC measurement is below a
temperature of -85°C, preferably below -88°C and more preferably below -90°C.

3. They have no detectable mefting peak in the first heating curve (heating rate

10 K/min) of the DSC thermogram (and thus a melting enthalpy of 0 J/g).

25 The glass fransition temperature and also to some extent the melting enthalpy can be

varied via the choice of alcohol component/mixture used for esterification.

The foamable composition of the invention is obtainable in various ways known to a
person skilled in the art. Generally, however, the composition is obtained by intensively

30 mixing all components in a suitabie mixing container. Here the components are
preferably added in succession (see also E.J. Wickson, “Handbook of PVC
Formulating”, John Wiley and Sons, 1993, p. 727).



blade of the Mathis Labcoater onto a release paper (Warran Release Paper; from Sappi WO
2012/069286PCT/EP2011/069126 16 Ltd.) stretched flat in a frame. To be able to compute
percentage foaming, first an incipiently gelled and unfoamed sheet was produced at 200C/30 seconds'

residencg,ti ickness of this sheet (= original thickness) was in all ? e .;74 and
0.77 mrﬂ%éﬁgg% ade gap. Thickness was sured at three differeﬁgpﬁg% sséviﬁfﬂ%% ﬁ et.
Foamed sheets (foams) were then likewise produced with/in the Mathis Labcoater at 4 different oven
residence times (60 s, 90s, 120 s and 150 s). After the foams had cooled down, the thicknesses were
likewise measured at three different Eomt& The average value of the thicknesses and the original

thickness hfeieafle S0 eopipate AhE eorvedios san(Esampr fgfaedittionestionigiad|
thicknesg)priginad IpkaRRSTLA0M%t %%Begﬁ@?)sé_eas@fmﬁaﬁ@@égg%ﬁﬁ@i%ﬂﬁﬁixmw 1925

yellowness indeX is a measure of yellow diScoloration of a sample 15 en. This yellowness index
is of intePOYVIMHE RS E5PRERt T ¢0aREREEShEMM. respects. First, it indicates the degree of

decognposition of the blowing agent (yellow in the undecomposed state) and, secondly, it is a measure
of thermal stability (discolorations due to thermal stress). Colour measurement of the foam sheets was

done usfRiENSISSHO @R ops BsiR-cfdRindYPA Whiks iBainb inathns. asrereEs g0 dagkYround for
the coloyppeaRiyamsatsafnc QR ReIiRgs NeLg H&?@lﬁé@mi%ﬁeﬁM%Mymﬁa%%ﬁg;&%%surements:

3 Display: CIE L*é_*b* 25 Index measured: YD1925 The measurements themselves were carried out at
3 differeWBIAKSERESe samples (at a plastisol blade thickness of 200 pm for effect and flat foams).
The values obtained from the 3 measurements were averaged. WO :
2012/069286PCT/EP2011/069126 17 Examples: Example 1: Production of expandable/foamable PVC
plastisold @ Heamieg Bredurs iy G forexablediedipesiiatsfibedrieniiamgre ehtaingshbvn (using

filler andpigimeaPpIR R RagRH EB&%BE%%EBW&S%%%EQ'&;HW beHelr¥sgHsing @J@P%ﬁ)@v"gre

expandable PVC plastisol containing filler and pigment. The inventive plastisols 10 hereinb

inter alidAENEIH SPIRATHN baiarrapritshansiriica@rdfealhoaubirtiias iberatuiisthgs. More

particulaglyd ieriyaBH @ RIpELARIP s piReirNBER &xgFPlary of foam layers used as printable and/or
inhibitable top-side foams in PVC floorings of multilayered construction. 15 The component weights

used for the various plastisols are reported below in Table (1). The liquid and solid constituents of a

formylatigniwereapighea sermaaiehs e RS8R RRAKSHIB £3 TR BuTEE Frixiysashand

stirred with a paste spatula until all the powder had been wetted. The plastisols were mixed using a
VDKV3#8Ner8ihs nisaringiennrlidmai stilenieamedcxepariiadmpelintoienth elanmiag device
of preferably by spread coating. With this mode of performing the process, profiling the
foam can be achieved through selective application of inhibitor solutions, for example
via a rotary screen printing rig. In those places where the inhibitor solution was applied
20 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 PVC Formulating”, 1993,
John Wiley & Sons. Optionally, profiling can also be achieved subsequently through

25 what is known as mechanical embossing using an embossing roll for example.

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
30 as layers of foam. Such supports can be, for example, metal belts or release paper
(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



20 the dissolver stirrer. A mixer disc (toothed disc, finely toothed, 0: 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

30.0C (t ' se due to frictional energy/energy dissipation; see for example N.P.
Cheremmﬁawgﬁ oduction to Polymer Rheqlogy and Processing”; B%/EF&%@? E@ﬁ%r%al%S).

It was accordingly ensured that the plastisol was homogenized with defined energy input. Thereatfter,

2012108 50Rb e TR0 DR TR 1Y DI T Careht B eGSR Py

plastisols@spiyexample 1. [All data in phr (= parts by mass per 100 parts by mass of PVC)] Plastisol
recipe 1** 2* VESTOLIT P1352 K (from Vestolit) 100 100 VESTINOLO 9 70 Hexamoll DINCH 70

Calcilit 8 G 100 100 KRONOS 2220 r 7 Isopropanol 3
In both cases, the final thermal treatment takes place in what is known as a gelling

5 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 period. The final thermal treatment
serves to solidify (gel) the foamed layer. In the case of chemical foaming, the gelling
tunnel may be combined with an apparatus serving to produce the foam. It is possible,

10 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
finished or semi-finished product. Depending on the composition, it is also possible for

15 gelling and foaming fo 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 to 250°C. In the preferred manner of gelling, the
foamed composition is treated at the gelling temperatures mentioned for a period of 0.5
to 5 minutes, preferably for a period of 0.5 to 3 minutes. in the case of processes which

20 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 temperatures (chemical foam) are in the range
from 160 to 240°C and preferably in the range from 180 to 220°C.

25 In the case of multilayered systems, the shape of the individual layers is generally first
fixed by what is known as pre-gelling of the applied plastisol at a temperature below the
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

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



3 Unifoam AZ Ultra 1035 2.5 2.5 Zinc oxide 1.5 1.5 -= comparative example * = according to invention
5 The materials and substances used are more particularly elucidated in what follows: VESTOLIT
P1352 K: emulsion PVC (homopolymer) having a K-value (determined according to DIN EN ISO
1628-2) @;@82 it GmbH Hexamoll DINCH: diisononyl LZ_CyCIOABW r late; from
BASF SE, estgﬁ?z;bé/g?tée%rllt by GC (see Analysis po{ t 1) > 99.9%; glass transiti ﬁﬁp%ﬁﬁé% =
-91C (measurement as per Analysis point 2) VESTINOL(r) 9: diisononyl (ortho)phthalate (DINP),

plasticizet & apadr 4ok S RRRIGIABdr SSLLIIMEN, RYCL(SH Qéb’éi&%?iﬁgln)?i%ggff rnglggg :

transition temperature TG = -86C (measurement as per Analysis point 2) Uni ral

-azodicarbSaRRRIBIRSE el FRRid M AsRCBISIIIRged gBvh anras Histros S IS AcinisGiativelusan
carbonaies el SERBRNE eI Gl KRN RS2 22 ﬁé—@@da%ip%&%'&@w%@@ﬂgeah{&@r?eé,vzgﬁrite

pigment; from Kronos Worldwide Inc. zo Isgz)grr%panol: cosolvent for lowering p[qstlsol'wsco& y and
also addififeTeniviarbving reanmaipiciareRironimrasn g ikermme, doerimdzésrs TERPDL 1069126

19 Zinkopiglcakdim Z8: [dssapranitign satalyekakiske i dos i maRinving.agent Aawersiing

inherent decomposition temperature of the blowing agent; also acts simultaneously as stabilizer; for
better diBp@Fsfh, IRE FipRcsxibe R¥E faamda dikn prrliaiedyshiiriolastiotesiofmastications 2) and
ground via&ic,raH mill; from Lanxess AG 5 Example 2: Determination of plastisol viscosity of filled and
pigmented thermally expandable plastisols from Example 1 following a storage period of 24 h (at 25C)
to The viscosities of the plastisols produced in Example 1 was measured as described under Analysis

point 3 (v@ aRawe LsinsRCIYRIGAIMSGR AR eheoralsh (from PaarPhysica). The results are shown
belol\(/)v in Table (2) for the shear rates 200/s and 14.5/s by way of example.



is Table 2: Shearing viscosity of plastisols from Example 1 after 24 h storage at 25C Plastisol recipe as
per Ex. 6 2* Shearing viscosity at shear rate = 200/s [Pa*s] 11 6.3 Shearing viscosity at shear rate =
14.5/s [Pa*s] 8.2 6.1 comparative example* = according to invention The plastisols of the invention,
when co I i INP used as standard 20 plasticizer, have in some instances an appreciably
lower shmg%ig&és%%gnd this leads to improved, processing properties, %ga_égig%pﬁcﬂ 5}591%
appreciably increased rate of application in spread 3 d/or blade coating. The invention thus provides
plastisolsywhich;compared with plastisols based on the 25 standard plasticizer DINP, have similar or
alternati ctly improved processing properties. WO 2012/069286PCT/EP2011/069126 20
Example 3: Determination of gelling behaviour of filled and pigmented thermally expandable plastisols

from Examplgsd RiG: 96HA%P tﬁq}{\pur of the filled and pigmented thermally expandable plastisols
obtained in Example 1 was teSted as described under Analysis point 4 (see above) using a Physica

MCR 10$r estitatinesiose rsnewess pfastiersiordesingse 6602M HoTheuksuls frevsHayilartielow
" Taple Rablsd<annontoel selinaheh s deminghom agling yrvasrscasiy gurves)

of filled and pigmented expandable plastisols obtained as per Examp stisol recipe (as per Ex. 1)
1 2* Re §espldsBSol st deiy of&W Scientific and a flame ionization detector under the

following general conditions:

Initial oven temperature: 150°C Final oven temperature: 350°C
10 (1) Heating rate 150-300°C: 10 K/min (2) Isothermal: 10 min at 300°C
(3) Heating rate 300-350°C: 25 K/min

Total run time: 27 min

injection biock iniet temperature: 300°C Split ratio: 20011

15 Sp!it'ﬂux: 121.1 ml/min Total flux: 124.6 mi/min
Carrier gas: helium Injection volume: 3 microlitres
Detector temperature: 350°C Burner gas: hydrogén
Hydrogen flow rate: 40 ml/min Air flow rate: 440 ml/min

20 Makeup gas: helium Fluorite makeup gas: 45 ml/min

The gas chromatograms obtained are evaluated manually against available
comparative substances, purity is reported in area per cent. Owing to high end contents
of >99.7% for target substance, the likely error due to no calibration for the particular

25 sample substance is low,

2. Procedure of DSC analysis, determination of melting enthalpy

Melting enthalpy and glass transition temperature are determined via differential

scanning calorimetry (DSC) as per DIN 51007 (temperature range from -100°C to
30 +200°C) from the first heating curve at a heating rate of 10 K/min. Before measurement,

the samples were cooled down to -100°C, and subsequently heated up at the stated

heating rate, in the measuring instrument used. Measurement was carried out using



1 000 Pa*s at [C] 80 91 Reaching a plastisol viscosity of 10 000 Pa*s at [C] 84 128 Maximum plastisol
viscosity [Pa*s] 39 700 20 100 Temperature on reaching max. plastisol viscosity [C] 127 142 ** =
comparative example * = according to invention WO 2012/069286PCT/EP2011/069126 21 Example
4: Production of foam sheets and determination of expansion/foaming behaviour at 200C of thermally
expandable’ {B184di98Btined in Example 1 5 Production of foam sheets &{dldERZINHH6A 6
expansion behaviour were done similarly to the prot#dure described under Analysis point 5 except
that the filled andé)Bigmepte plastisols obtained in Example 1 were used. The results are shown below

bt :
in Table (4°96 T 851E R IBIA4h B of BoNRIIBRMOMRIaR thadieditiametivifemiiriasigitented
thermallgiespatdablémplassispertaarserViiihyabdifiarept evertasitess eojmatii MRk ahegater (at

200C) Pgﬁété gg L?s?,'rPgeig%%rggﬂ.re%?'s%.}tware.

5 3. Determination of plastisol viscosity
PVC plastisol viscosity was measured using a Physica MCR 101 (from Anton-Paar) in

the rotary mode and with the “Z3” measuring system (DIN 25 mm).

The plastisol was initially homogenized once more in the mixing container by stirring
10 with a spatula, then introduced into the measuring system and measured isothermally at

25°C. The following points were targeted during measurement;

1. A pre-shear of 100 s™ for a period of 60 s, during which no values were recorded (to

level any thixctropic effects).
2. A downward ramp of the shear rate beginning at 200 s™ and ending at 0.1 s, divided

into a logarithmic series of 30 steps each of 5 seconds’ measuring point duration.

The measurements were generally carried out (unless otherwise stated) following a
20 24 h storage/ripening of the plastisols. The plastisols were stored at 25°C between the
measurements.

4. Determination of gelling rate

Plastisol gelling behaviour was investigated in a Physica MCR 101 in oscillatory mode
25 with a plate-plate measuring system (PP25) operated under shear stress control. An

additional heating hood was connected to the instrument to achieve the best possible

distribution of heat.

Test parameters:

Mode: temperature gradient (temperature ramp linear)
30 starting temperature: 25°C
end temperature: 180°C

heating/cooling rate: 5 K/min



** | Expansion after 60 s [%] 0 O Expansion after 120 s [%] 332 346 Expansion after 150 s [io] 346
359 ** = comparative example * = according to invention 15 The plastisols containing the diisononyl
1,2-cyclohexanedicarboxylates used according to the invention give higher foam heights/expansion

rates af [ jme of 120 and 150 seconds compared with the cu 5 rcz lasticizer
DINP. Tﬂ(ﬁn‘?‘a?ﬁ (@r(%io%e?rlgda;ble plastisols comprising fglers are thus providedlg \ghqféglgé] jﬂi g%e%?gént 20
disadvantages in gelling behaviour (see Example 3); have advantages in thermal expandability.

Plastisols with fillers %@&ﬁﬁdﬁ@ﬁ%@@é‘#@@ﬂ%W‘HEﬁ%ﬁ*ﬁpﬁ%gBMﬂH?@@}gme“t) to discern the

completeness of the decomposition of the blowing agent used and hehce the 25 progress of the
expansion process fréiffther derauestiherfsa: dbtditsed. The less the yellowness of the foam, the

greater the degree to,yhieh the ﬁggoaagﬁmg Rrocgssis finished. The yellowness index of the polymer
foams/foam sheets obtained in I LS.

measuring point duration: 0.5 min
5 no automatic gap readjustment
constant measuring point duration

gap width 0.5 mm

Measurement procedure:

10 A spatula was used to apply a drop of the plastisol recipe to be measured, free from air
bubbles, to the lower plate of the measuring system. Care was taken here to ensure
that some plastisol could exude uniformly out of the measuring system (not more than
about 6 mm overall) after the measuring system had been closed. The heating hood
was subsequently positioned over the sample and the measurement started.

15 What was determined is the so-called complex viscosity of the plastisol as a function of
the temperature. Onset of gelling was identifiable by sudden marked rise in complex
viscosity. The earlier the onset of this rise in viscosity, the better the gelling capability of
the system. _

The measured Cuwés obtained were used to determine, by interpolation, for each

20 plastisol the temperatures at which a complex viscosity of 1000 Pa®*s or 10 000 Pa*s
was reached. Additional parameters determined using the tangent method were the
maximum plastisol viscosity achieved in the present experimental set-up, and also, by
dropping a perpendicular, the temperature above which maximum plastisol viscosity
oCcurs.

25
8. Production of foam sheets 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 sheet production

30 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



WO 2012/069286PCT/EP2011/069126 22 Example 4, as determined in accordance with Analysis
point 6 (see above), is shown below in Table (5). Table 5: Y, D1925 yellowness indices of polymer
foams obtained in Example 4 5 Plastisol recipe (as per Ex. 6) 1** 2* Yellowness index after 60s [/0]
19.5 ”19.%%4/@%' x after 120 s r/01 12.1 11.6 Yellowness index aftg,rCHE}%%#B].l JI?O% % The
plastisols obtained on the basis of the composition gfthe invention have a lower colour number.”10
Filled plastisols are thus provided which, despite evident disadvantages in gelling, allow a faster

processingisperetanEINEr BracRRsiNTde RPN @éﬂﬁaﬂr@v?é&?ém‘é@@%mﬁ% Example 5: 15
Production and testir%% of expandable/foamable PVC plastisols con alnlngzéthe diisononyl

1,2-cycldRERIRRIN SFAB Yy Aitds LR ELoRTRs! W aSeRFREMRM ALIRPOAHEHD RRFANRS chtisinom

further upgrsPTHENersElgRIsEcOparnd thedayeatiyiadutanRerigspidestswaasang 20,wish 3 gifferent
PVC type b%[\)/a@(in the amounts of filler (chalk in this case) from 0, i.e. unfilled but pigmented system,
Bhr .

up to 13% THIGHR) Hik FRISAUMARR SPRe PRSIETSH 6D RSRSIIEA ShreasifERERs RRbdECed

therefrorafand atsssthe determination of the expansion rate and of the yellowness indices were carried

out similarly to the above examples. WO 2012/069286PCT/EP2011/069126
Foamed sheets (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
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
16 expansion. (Example: (foam thickness-original thickness)/original thickness*100% =

expansion).

6. Determination of yellowness index

The YD 1925 yeliowness index is a measure of yellow discoloration of a sample
15 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 (yeliow in

the undecomposed state) and, secondly, it is a measure of thermal stability

(discolorations due to thermal stress). Colour measurement of the foam sheets was

done using a Spectro Guide from Byk-Gardner. A white reference tile was used as

20 background for the colour measurements. The following settings were used:

iluminant: C/2°
Number of measurements: 3
Display: CIE L*a*p*

25 Index measured: YD1925

The measurements themselves were carried out at 3 different points of the samples (at
a plastisol blade thickness of 200 ym for effect and flat foams). The values obtained
from the 3 measurements were averaged.

30



23 Table 6: Recipes V1 V2 V3 V4 V5 ElIE2 E3 E4 ES Vestolit E 7012 S 100 100 100 100 100 100 100
100 100 100 Calibrite OG 0
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Examples:

Example 1:
Production of expandable/foamable PVC piastisols containing the diisononyi 1,2-

i

cyclohexanedicarboxylates used according to the invention {using filler and

pigment)

The advantages of inventive plastisols will now be illustrated using a thermally
expandable PVC plastisol containing filler and pigment. The inventive plastisols
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 printable and/or inhibitable top-side foams in PVC

floorings of multilayered construction.

15 The component weights used for the various plastisols are reported below in Table (1).
The liquid 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

20 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 2600 rpm, and stirring was continued until the temperature on the digital
display of the temperature sensor reached 30.0°C (temperature increase due 1o
frictional energy/energy dissipation; see for example N.P.Cheremisinoff: “An

25 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.
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Table 1: Composition of filled and pigmented expandable PVC plastisols as per
example 1. {All data in phr (= parts by mass per 100 parts by mass of PVC)]

Plastisol recipe e 2%
VESTOLIT P1352 K (from Vestolit) 100 | 100
VESTINOL® § 70
Hexamoll DINCH 70
Calcilit 8 G 100 100
KRONOS 2220 | 77
Isopropanol 3 3
Unifoam AZ Ultra 1035 25 |25
Zinc oxide 1.5 (15

** = comparative example * = according to invention

The materials and substances used are more particularly elucidated in what follows:
VESTOLIT P1352 K: emulsion PVC (homopolymer) having a K-value (determined
according to DIN EN ISO 1628-2) of 68; from Vestolit GmbH
Hexamoll DINCH: diisononyl 1,2-cyclohexanedicarboxylate; from BASF SE, ester
10 content by GC (see Analysis point 1) > 99.9%; glass transition temperature Tg = -91°C
(measurement as per Analysis point 2)
VESTINOL® 9: diisononyl (ortho)phthalate (DINP), plasticizer; from Evonik Oxeno
GmbH, ester content by GC (see Analysis point 1) >99.9%; glass transition
temperature T = -86°C (measurement as per Analysis point 2)
15 Unifoam AZ Ultra 1035: azodicarbonamide: thermaﬁy activatable blowing agent; from
Hebron S.A. |
Calcilit 8G: calcium carbonate; filler; from Alpha Calcit
KRONOS 2220: Al- and Si-stabilized rutile pigment (TiO,); white pigment; from Kronos
Worldwide Inc.
20 Isopropanol: cosolvent for lowering plastiso! viscosity and also additive for improving

foam structure (from Brenntag AG)



2525252525257Z2n015151515151515151.51.5Isopropanol 3.33.33.33.33.33.3
3.333
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Zinkoxid aktiv®: ZnO; decomposition catalyst (“kicker”) for thermal blowing agent;
lowers the inherent decomposition temperature of the blowing agent; also acts
simultaneously as stabilizer; for better dispersion, the zinc oxide was batched with the

corresponding plasticizer (mass ratio 1:2) and ground via a 3 roll mill; from Lanxess AG

Example 2:
Determination of plastisol viscosity of filled and pigmented thermally expandable

plastisols from Example 1 following a storage period of 24 h (at 25°C)

16 The viscosities of the plastisols produced in Example 1 was measured as described
under Analysis point 3 (see above) using a Physica MCR 101 rheometer (from Paar-
Physica). The results are shown below in Table (2) for the shear rates 200/s and 14 .5/s

by way of example.

15 Table 2: Shearing viscosity of plastisols from Example 1 after 24 h storage at 25°C

Plastisol recipe as per Ex. 6 1= 2%

Shearing viscosity at 11 6.3
shear rate = 200/s [Pa*s]

Shearing viscosity at 8.2 6.1

shear rate = 14.5/s [Pa*s]

** = comparative example * = gccording to invention

The plastisols of the invention, when compared with the DINP used as standard
20 plasticizer, have in some instances an appreciably lower shearing viscosity, and this
leads to improved processing properties, especially to an appreciably increased rate of

application in spread and/or blade coating.

The invention thus provides plastisols which, compared with plastisols based on the
25 standard plasticizer DINP, have similar or alternatively distinctly improved processing

properties.



3.33.3VESTINOL9 7373737373 Hexamoll DINCH 7373737373V =comparativeE =
inventive 5 Vestolit E 7012 S: emulsion PVC (homopolymer) having a K-value (determined as per DIN
EN ISO 1628-2) of 67; from Vestolit GmbH

WO 2012/069286 PCT/EP2011/069126
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Exampie 3:

Determination of gelling behaviour of filled and pigmented thermally expandable

plastisois from Example 1

The gelling behaviour of the filled and pigmented thermally expandable plastisols
obtained in Example 1 was tested as described under Analysis point 4 (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 (3).

Table 3: Key points of gelling behaviour determined from gelling curves (viscosity

curves) of filled and pigmented expandable plastisols obtained as per Example 1

Plastiscl recipe i 2*

{as per Ex. 1)

Reaching a plastisol 80 91
viscosity of

1 000 Pa”™s at [°C}
Reaching a plastisol 84 128

viscosity of
10 000 Pa*s at [°C}
Maximum plastisol 39700 |20 100

viscosity [Pa”s]

Temperature on 127 142

reaching max.

plastisol viscosity [°C]

** = comparative example * = gceording to invention

15



Calibrite OG: mineral filler (calcium carbonate); from Omya AG All other recipe constituents were
already detailed in the first example. The foam sheets to obtained in the abovementioned example
were each measured for the thickness of the foamed sheet and used to compute therefrom the
expansion rate in per cent (see Analysis point 5). WO 2012/069286PCT/EP2011/069126 24 Table 7:

Expansidi@R5iAeP 488 ms/foam sheets obtained from filled and pigmentE@Wf&%lYﬁQﬁaﬁia_ﬁbl_e
plastisols (as per Ex. 5) at different oven residence4fmes in Mathis Labcoater (at 200C) (all emission

rate dataEi)rgap]ﬁr !%egj[) V1V2V3V4V5EIE2 E3 E4 E5VWZ 1.5 min 332 319 285 272 249 332 323

Production of foam sheets and determination of expansion/foaming behaviour at

200°C of thermally expandable plastisols obtained in Exampie 1

5 Production of foam sheets and determination of expansion behaviour were done
similarly to the procedure described under Analysis point 5 except that the filed and
pigmented plastisols obtained in Example 1 were used. The results are shown below in
Table {4).

10 Table 4: Expansion of polymer foams/foam sheets obtained from filled and pigmented
thermally expandable plastisols (as per Ex. 1) at different cven residence times in
Mathis Labcoater (at 200°C)

Piastisoi recipe (as per Ex. 1) | 2F
Expansion after 60 s [%] 0 0
Expansion after 120 s [%] 332 1346
Expansion after 150 s {%] 346 359

** = comparative example  * = according to invention
13
The plastisols cohtaining the dilsonony! 1,2-cyclohexanedicarboxylates used according
to the invention give higher foam heights/expansion rates after a residence time of 120
and 150 seconds compared with the current standard plasticizer DINP. Thermally
expandable plastisols comprising fillers are thus provided which, despite evident
20 disadvantages in gelling behaviour (see Example 3), have advantages in thermal

expandability.

Plastisols with fillers make it possible (despite the presence of white pigment) to discern
the completeness of the decomposition of the blowing agent used and hence the
25 progress of the expansion process from the colour of the foam obtained. The less the
yellowness of the foam, the greater the degree to which the expansion process is

finished. The yellowness index of the polymer foamsffoam sheets obtained in



292 276 247 VWZ 2 min 332 316 299 301 284 373 350 319 319 299 VWZ 2.5 min 350 335 315 305
289 359 346 318 305 295

WO 2012/069286 PCT/EP2011/069126
22

Example 4, as determined in accordance with Analysis point 6 (see above), is shown
below in Table (5).

Table 5: Y; D1925 yellowness indices of polymer foams obtained in Example 4

Plastisol recipe (as per Ex. 6} O
Yellowness index after 60 s [%)] 19.5 1194
Yellowness index after 120 s [%] 12.1 111.6

Yellowness index after 150 s [%] 12.8 1126

The plastisols obtained on the basis of the composition of the invention have a lower

colour number.

10 Filled plastisols are thus provided which, despite evident disadvantages in geliing, atlow
a faster processing speed andlor lower processing temperatures at improved

yellowness index.

Example 5:
15 Production and testing of expandable/foamable PVC plastisols containing the

diisononyl 1,2-cyclohexanedicarboxylates used according to the invention (with

variation of filler content}

To further underpin the shear scope of the invention, a further series of tests was done
20 with a different PVC type by varying the amounts of filler (chalk in this case) from 0, i.e.
unfilied but pigmented system, up to 133 phr, i.e. highly filled formulation. The |
production of plastisols and of foam sheets produced therefrom and also the
determination of the expansion rate and of the yellowness indices were carried out
similarly to the above examples.
25



5 VWZ = residence time From the examples recited in Table 7, it is clear that the foaming behaviour of
DIiNCH- containing compositions (El to E5), as expressed by the expansion rates in %, can
consistently be rated better than the comparable compositions comprising the o plasticizer DINP (prior

art, V|to n is further reinforced by the lower yeIIowneSS| ? %% ith the
inventive compo%tlons glas Table 8: Yellowness indiges of foam sheets obtali g'géé) ‘5/%2? 5/%@5 El
E2 E3E4 E5VVVZ 1.5min 10.9 12.0 13.3 13.8 14.4°9.510.7 11.6

Table 6; Recipes

V1 V2 V3 V4 V5 E1 E2 E3 E4 E5
Vestolit E 100 {100 | 100 |100 100 |100 |100 {100 | 100 |100
7012 S |
Calibrite 0 33 67 100 133 |0 33 67 100 | 133
0G
Kronos 7 7 7 7 7 7 7 7 7 7
2220
Unifoam 25 125 |25 |25 (25 |25 |25 25 125 25
AZ Uitra
1035
ZnQ * 1.5 115 15 |15 1.5 |1.5 1.5 1.5 1.5 1.5
isopropanol | 3.3 | 3.3 3.3 |33 |33 |33 |33 |33 133 133
VESTINOL (73 |73 73 73 73
9
Hexamoll 73 73 73 73 73
DINCH
V = comparative E =inventive

5 Vestolit E 7012 S: emulsion PVC (homopolymer) having a K-value (determined as per
DIN EN ISO 1628-2) of 67; from Vestolit GmbH

Calibrite OG: mineral filler (calcium carbonate); from Omya AG

All other recipe constituents were already detailed in the first example. The foam sheets
10 obtained in the abovementioned example were each measured for the thickness of the
foamed sheet and used to compute therefrom the expansion rate in per cent (see

Analysis point 5).



13.1145VWZ2min11.611.912.712.713.38.49.710.61t4 12.3,VWZ 25 min 10.9 11.7 12.3 134
13.99.0 10._2 10.911.8 _12.3 | All YI data are dimensionless
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Table 7. Expansion of polymer foams/foam sheets obfained from filled and pigmented
thermally expandable plastisols (as per Ex. 5) at different oven residence times in

Mathis Labcoater (at 200°C) (all emission rate data in per cent)

Vi V2 [V3 [V4 [V5 |E1 |E2 [E3 [E4 [E5

YWZ 332 | 319 | 285 | 272 | 249 | 332 | 323 | 292 | 276 247

1.5 min

2 min

VWZ 332 316 | 289 | 301 | 284 | 373 | 350 | 319 | 319 299

VWZ 350 | 335 315|305 | 289 | 359 | 346 | 318 | 305 | 285
2.5 min

VWZ = residence time

From the exampies recited in Table 7, it is clear that the foaming behaviour of DINCH-
containing compositions (E1 to E5), as expressed by the expansion rates in %, can
consistently be rated better than the comparable compositions comprising the
plasticizer DINP {prior art, V1 to V5).

This conclusion is further reinforced by the lower yellowness indices obtainable with the

inventive compositions.

Table 8: Yellowness indices of foam sheets obtained

Vi 1v2 V3 v4 |V5E |E1 | E2 [E3 | E4 |E5

VWZ 10.9 | 12.0 | 13.3 | 13.8 | 14.4 1 9.5 | 10.7 | 11.6 | 13.1 | 14.5

1.5 min

VWZ 11.6 | 11.9 | 12.7 127 |13.3 84 9.7 106 114123

2 min

VWZ 10.9 | 11.7 | 123 1 13.4 (139 9.0 | 10.2 | 10.9  11.8 | 12.3

2.5 min

All Y] data are dimensionless



WO 2012/069286PCT/EP2011/069126 25 It has thus been possible to show that distinctly better
results are achieved on using the compositions of the invention. It is surprising that DINCH shows
these effects contrary to established textbook opinion despite the worse gelling behaviour. 5 Example
6 (wall r dgg duction of filled and pigmented expandable/foa L@ C plastisols for
effect fggynﬁs %eg)éa va%:%%es of inventive plastisols. will now be iIIustratednL]%& gﬁ{&%ﬂéﬂﬁ%m@nted
10 thermally expandable PVC plastisols useful for froduction of effect foams (foams with special
surtace iekaeh E e BRI eAUE ARIRRIGLAY BLID Ad UGl LOamRallaThe appagiance
pattern known from the textile sector. The inventive plastisols hereinbelow are inter alia exgmpefary of
thermallg@Rpastisie pidbesorcnded it ihs prodsiogorh of WG arings Hvsere gftetitulzolyy dng
nvenivePERIBALBEIRIDRRIAN AU ibn SESMBANCALBRE BN beRAVib Y C wall coverings. The
plastisols were produced similarly to Example 1 except for-a changed recipe. The component weights
used for the various plastisols are discernible from Table 9 below (all data in phr (= parts by mass per

100 @artﬁmﬁﬁsﬁgﬁ,ﬁa\(ggw%gﬁatﬁ@a%Fecipes A** B* VESTOLIT E 7012 S 100 100 VESTINOL 9
nirorm

54 0 Hexamoll DI tltra 103555
Production of filled and pigmented expandabie/foamable PVC plastisols for effect
foams

The advantages of inventive plastisols will now be illustrated using filled and pigmented
10 thermally expandable PVC plastisols useful for production of effect foams (foams with
special surface texture). These foams are frequently also referred to as “bouclé” foams
after the appearance pattern known from the textile sector. 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
15 exemplary of foam layers used in PVC wall coverings.
The plastisols were produced similarly to Example 1 except for a changed recipe. The
component weights used for the various plastisois are discernible from Table 9 below

(all data in phr (= parts by mass per 100 parts by mass of PVC)).

20 Table 9: Recipes

A | B
VESTOLITE 7012 8 100 | 100
VESTINOL 9 54 |0
Hexamoll DINCH 0 54
Uniform AZ ultra 1035 5 5
Microdol A1 20 120
Kronos 2220 8
Baerostab KK 48 2

Isopar J 3.5 356
Water (completely ion-free) | 1

* = inventive; **= comparative example



Microdol Al 20 20 Kronos 2220 8 8 Baerostab KK 48 2 2 Isopar J 3.5 3.5 Water (completely ion-free) 1
1 * = inventive- **= comparative example WO 2012/069286PCT/EP2011/069126 26 The materials
and substances used are more particularly elucidated in what follows unless already mentioned in any

of the earlier é‘ .Microdol Al: mineral filler; from Omya AG Baerostab KK 48: potassium/zinc
kicker; f%)r@ ggﬁ@@ %%%ngmbH Isopar J: isoparaffin éosolvent for lowering ﬁggﬂgﬁﬁ%ygﬁﬁ%?&n
Moller Chemie. Example 7: io Production and asseg ment of effect foam from filled and pigmented

thermally expandable plastisols The plastisols obtained in Example 6 were aged about 2 hours and

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

unless already mentioned in any of the earlier examples.

5 Microdol A1: mineral filler; from Omya AG
Baerostab KK 48: potassium/zinc kicker; from Baerlocher GmbH

Isopar J: isoparaffin, cosolvent for lowering plastisol viscosity; from Moller Chemie.

Example 7:
10 Production and assessment of effect foam from filled and pigmented thermally

expandable plastisols

The plastisols obtained in Example 6 were aged about 2 hours and foamed up in a
Mathis Labcoater (type LTE-TS; manufacturer: W. Mathis AG). The support used was a
15 coated wall covering grade paper (from Ahlstrom GmbH). The paper was placed in a
stenter and was dried for 10 seconds at 200° or for 10 seconds at 210° prior to coating.
The blade coating unit was used to apply the plastisols in 3 different thicknesses
(300 pm, 200 pm and 100 pm). In each case 3 plastisols were applied to a paper side
by side. Excess plastisol was removed from the support'paper. Ge.liing was done at
20 200°C and at 210°C for 60 seconds in a Mathis oven.
Yellowness index was determined on the fully gelled samples as described under
Analysis point 6 (see above).

The yellowness indices obtained are listed in the table below:

25 Table 10: Yellowness indices of bouclé foams:

Bouclé foam from A** | Bouclé foam from B*
Gellingat 200°C | 11.6 10.9
Gellingat210°C | 9.0 7.8

ALYl data are dimensionless

In both cases, the plastisol of the invention gave a distinctly lower yellowness index.



Mathis Labcoater (type LTE-TS; manufacturer: W. Mathis AG). The support used was a is coated wall
covering grade paper (from Ahlstrom GmbH). The paper was placed in a stenter and was dried for 10
seconds at 200 or for 10 seconds at 210 prior to coating. The blade coating unit was used to apply the
plastisol%}é %ﬁ@%@t T%'cknesses (300 pm, 200 pm and 100 pm). In each case 3 plastisols were
applied t pi Z é/ side. Excess plastisol was removed from the supfoft %Bg@ﬁ telihfas
done at 20 200C and at 210C for 60 seconds in a Mathis oven. Yellowness index was determined on
the fully gelled samples as described under Analysis point 6 (see above). The yellowness indices
obtained are listed in the table below: 25 Table 10: Yellowness indices of boucl foams: Boucl foam
from A* Bthe|dosensneen B3 Geingsas/ 20008146 the DOHingrapRLINT 9 0s68 ds\dtakumtve
dimensi @é%sa{gvo 2012/069286PCT/EP2011/069126 27 In the assessment of expansion behaviour
the DINP sample (A) is used as comparative standard. The foams processed at 200C each exhibit a
good expansion behaviour. At 210C, however, the comparative sample has overfoamed and the foam
has alrei% ollapsed again. Thus, expansion behaviour is poor here. The plastisol of the invention
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surface %uality/ rface texture it is particularly the uniformity or regularity of the surface textures which

is asses888MThb Witn eIV O EMALTIHRIREGRI ReFsstitliantd GElivC b b dhadnien bone aRe
assessmgikrUbe rafingvey sieauoayaissishe saaseIEdVER agsesseNt js Rasedds shaumdeiow in
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10 In the assessment of surface quality/surface texture it is particularly the uniformity or
regularity of the surface textures which is assessed. The dimensional extent of the
individual constituents of the effect likewise enters the assessment.
The rating system on which the surface texture assessment is based is shown below in
Table {11).
15

Table 11: Assessment system for judging surface quality of effect foams

Assessment | Meaning

1 Very good surface texture (very high regularity and uniformity of

surface effects; size of individual effects exactly in keeping).

2 Good surface texture (high regularity and uniformity of surface effects;

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 (iregulariies 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

farge/much too small}).




Meaning 1 Very good surface texture (very high regularity and uniformity of surface effects; size of
individual effects exactly in keeping). 2 Good surface texture (high regularity and uniformity of surface
effects; size of individual effects exactly in keeping). 3 Satisfactory surface texture (regularity
andu"nifqr%t I[] @ ffects acceptable; size of individual effects appropriate). 4 Adequate surface
texture (shg )?ﬁ e%@ %t%egs or non-uniformities in syrface texture; size of inc%\(r?a-lﬁ P@I@é‘&é@ﬁ’g}ﬁt@
unbalanced). Defectivesurfacetexture(irregularitiesandnon-uniformitiesin surface texture; size of
individuafﬁéfggﬁégété%l%ﬂ? %ﬁé”r%% SH ighly.irreqular and ngn- r%orm surface
effects; size of individua eﬁects not aﬁgﬁérgﬁkee%?%a(%uc gt%@;é?jarmg%bnﬁfgr ggesr%ﬁl')?.s ene
2012/068e86HTE TAP2011/069126 28 The surface texture of the foams obtained was assessed with

reference to the scheme listed in Table 11. The results are listed in Table (12) below: 5 Table 12:

Assessment of surface texture of corresponding boucl foams Boucl foam from A' Boucl foam from B*
Foamingl&@e2eadts are listed in Table (12) below:

5

Table 12: Assessment of surface texture of corresponding bouclé foams

Boucté foam from A** Bouclé foam from B*
Foaming at 200 °C 2 1
Foaming at 210 °C 6 {overfoamed) 1

The foamable composition of the invention exhibits distinct advantages over the existing
industry standard DINP.

The numerous examples recited are a compelling demonstration that the compositions
of the present invention, containing DINCH, have distinct advantages. This was
unforeseeable because of the worse gelling behaviour of DINCH compared with DINP.
_Therefore, this result is surprising and involves an inventive step.

15



2 1 Foaming at 210 C 6 (overfoamed) 1 The foamable composition of the invention exhibits distinct
advantages over the existing industry standard DINP. 10 The numerous examples recited are a
compelling demonstration that the compositions of the present invention, containing DINCH, have
distinct advantages. This was unforeseeable because of the worse gelling behaviour of DINCH
compareW@i@pI%ﬂ‘(ﬂﬁgﬁﬁ@refore, this result is surprising and involves an invéntive 3243, 11869106
2012/069286PCT/EP2011/069126 29 Claims: A fod¥nable composition containing at least one
polymer selected from the group consisting of polyvinyl chloride, polyvinylidene chloride, polyvinyl
butyrate; kyl (meth)acrylate and copolymers thereof, a foam former and/or foam stabilizer and
dlisononyl 1,2-cyclohexanedicarboxylate as plasticizer. 2. A foamable composition according to claim

1, charagterized, in that the polymer is polyvinyl chloride. 10 3. A foamable compasition according to
ar%%a%’fﬁ@%ﬁ%?&zi%{ }%%‘ﬁoﬁrf?é’%?@ﬁ)ﬂ%ﬁmﬁﬁé@/{ﬁﬂ%g PHFSRERomers

claim 1, charac eﬁ‘%”éﬁ‘T
selected from thegsiipgohpistinnof vinytidene silongeamrytRdaico MRy atyres ethyl acrylate

or bu5tyl acrylate. %5 'IA‘ f?%rﬁa%e 00|in ositi%n acc&rdingo one or more of claims 1 to 3, characterized
in that the amoBT 6t MisBHGHY LS ML RIROYEN 5?@?5%??@5’@‘?{%@@?{0&1%@ parts by
mass per 100 petebiliyemass ofismipmert A tgamablacemipesitan arcatdingsiapre or more of claims
1 to 4, characterized in that further plasticizers other than diisononyl 1,2-cyclohexanedicarboxylate are

additionally present in the foamable composition. A foamable composition according to one or more of

claims 120 5, chdfeatesizedintpatitiencacapeditignocoliaing, aigas bidhleevolMat srMpspel-as foam
former and optiogfg\lb/ a ki%) er. A foamable composition according to one or more of claims 1 to 6,

characterized it ’E}¥é% ifﬁﬁb S&ition contains emulsion PVC.
10

3. 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 butyrate, methyl acrylate, ethyl
acrylate or buty! acrylate.
15
4. A foamable composition according to one or more of claims 1 to 3, characterized
in that the amount of diisononyl 1,2-cyclohexanedicarboxylate is in the range

from 5 to 150 parts by mass per 100 parts by mass of polymer.

20 5. A foamable composition according to one or more of claims 1 to 4, characterized
in that further plasticizers other than diisononyl 1,2-cyclohexanedicarboxylate are

additionally present in the foamable composition.

6. A foamable composition according to one or more of claims 1 to 5, characterized
25 in that the composition contains a gas bubble evolver component as foam

former and optionally a kicker.

7. A foamable composition according to one or more of claims 1 to 6, characterized
in that the composition contains emuilsion PVC.
30
8. A foamable composition according to one or more of claims 1 to 7, characterized

in that the composition includes additives selected from the group consisting of



A foamable composition according to one or more of claims 1 to 7, characterized in that the
composition includes additives selected from the group consisting of WO
2012/069286PCT/EP2011/069126 30 fillers, pigments, thermal stabilizers, antioxidants, viscosity
regul-atoWéogg 2&% izers and lubricants. 9. The use of the foamable compaosition according to claims
1 to 8 forfigbr 8L > wall coverings or artificial leather. 10. A foamed edi&iRg@oMafAngenhe
fo@mable composition according to claims 1 to 8. 1¥~A floor covering containing the foamable

composition in tf a state according ta,claims 1 to 8. 12. A wall covering, containing the
foamable Compﬁfﬁ%h@ﬁ&%%a?ﬁ%ﬁ%%{%ga;%‘%%?ﬁ5‘ %I%ﬁ%gi’t\g% Y AR SEG I@ﬁ r containing

the foamable cafabhdsiton andHelfoaamdsl state according to claims 1 to 8.

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

5 coverings, wall coverings or artificial leather.

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

10 11, Afloor covering containing the foamable composition in the foamed state

according to claims 1 to 8.

12. A wall covering containing the foamable composition in the foamed state
according to claims 1 to 8.
15
13.  An artificial leather containing the foamable composition in the foamed state

according to claims 1 to 8.



