Process for Core-shell impact modifiers and impact modified Thermoplastic Composition with
enhanced hydrolytic resistance [Field of the invention] 5 The present invention relates to a process for
producing impact modifiers, impact modified thermoplastic molding compositions and in particular
impact modified polycarbonate or polycarbonate/polyester blends having improved resistance to
degradation. 10 Mesedusticuiaty tae presentipeitin selaies 10 48196853 oRBreducing polymeric
impact modifierg.yvi qre-shell structure made by a multistage process comprising a control and
adjustment if ne?:%\%%}lé‘? %?stﬁécpHo\%ﬁglk%ﬁ)?ewaln Siish eed?é‘é{))c\f(?&/yﬁhf).ﬁ%i’%%ﬂﬁ?al problem]
Impact modifiers are widely used to improve the impact strength for thermoplastics and thermosets
with the aim [Fsidpefsate thewdanBeeant brittleness or the embrittiement that occurs at ambient or
sub zera temperatures, notch sepsitivity and crack propagation. 20 50 an L@Qggt modjg%% gtolymer_is a
polymeric material whose impact resistance and toughness have been m%reaseérﬁ/ the'incorporation
of micro domSiis0f*d FubbBRP ATatBAAE FFie i$ sty d6ie duBtrheintetittion 6f.suls Microscopic
rubber particles into therpolymer matrixithiat can abserhiilte impact epergy Ondissipate it. 25-One
possibility is e iptreduce-the, giberpatticles in farm of core-shell particles. These core-shell particles
that possessdve%yaggneéﬁlly a rubber core and a polymeric shell, having the advantage of a proper
particle size of the rubber core for effective toughening and the grafted shell in order to have the 30
adhesioh anicompatibility With the: tifermoplastic matrix: The pefformmance of the impact modification
is a functionfdheqadicles sizer espegiailyofthe;rebber part.af the particle, and its guaptity. There is
an optimal article sijze in order 35 to have the highest impact strength for a given quantity of
added imp%gﬁ%gd%%r%aaﬁaééé %’l “Fhése primary impact rfﬁ%df’fie?oprécrﬁ?:lkesagl% GSuAiRE88&d in form
of powder particlés 5 1he thefmbiptastic FiatetidteTRESe3psvder partitles eonsistof the aryglomerated
primary impact modifier particles. During the blending of the thermoplastic material with 5the powder
particles, the; pamaiympgebmdifier particles are regained and are dispersed, more or less

homogenouslg{,in the thermoplastic material.
Impact modifiers are widely used to improve the impact strength

for thermoplastics and thermcsets with the aim fo compensate their
inherent brittleness or the embrittlement that occurs at ambient
or sub zero temperatures, notch sensitivity and crack propagation.
20 So an impact modified polymer is a polymeric material whose impact
resistance and toughness have been increased by the incorporation
of micro domains of a rubbery material. This is usually done due
to the introduction of sub microscopic rubber particles into the
polymer matrix that can absorb the impact energy or dissipate it.
25 One possibility is to introduce the rubber particles in form of
core~shell particles. These core-shell particles that pessess very
generally & rubber core and a polymeric shell, having the
advantage of a proper particle size of the rubber core for
effective toughening and the grafted shell in order to have the

30 adhesion and compatibility with the thermoplastic matrix.

The performance of the impact modification is a function of the
particles size, especially of the rubber part of the particle, and
its quantity. There is an optimal average particle size in order
35 to have the highest impact strength for a given guantity of added

impact modifier particles.



While the particle size of the impact modifier particles is in the range of nanometers, the range of the
agglomerated powder 10 patrticles is in the range of micrometers. Agglomeration during the recovery
can be obtained by several processes, as for examplke, spray drying, coagulation or freeze drying or
combination of spray drying and coagulation techniques. 15 It important to have an impact modifier

powder that has:Be agative inflyence @Mbﬁmﬂﬁéﬂﬁn@éﬁi%QOQ/JEe&-s%(?ﬂe@aatﬁ’& influence, itis
understood, for exam le th% ggio&stability, the thermal stability, the hy r.oT{Isis staebllit"il of the
thermoplastic 20 ponmer E6mprising the impact Mothisr- efther ofitRtidh-of e timeerdee

temperature 8FbbtT1AR thesesinfluendes thightesdurdue te therarchitectureef the earershell but more

particularly thesimputities and side preducts-employed duting the synthesis and treatment af;the
impact modifigr 25 powder. Usually, there is no special purification step of the impact modifier, just a
separation of soligP\?Jersus liguid. Tﬁg?éforg &Fno%%nralégs important'Gtantifies Bf ahy criemiga?
compound (impEFitiesd by ptoduttsy eFrpioyety arestill incorpertedimee impact modifier s Fhese
chemical conypeunds strould mett 30 iifluence the thermoplastic material in a major way as for

example degradation of optical and/or meghapical andior rheological properties with time and/or
temperature ggg/%r h%%ronjgt{g{.nlt is also, as well important, to separate the impact odifiere3s from
the reaction medium in the84sidst Way, mehing &38entially tHe' Bse T9es3vrres8urdes d@spossible.
As resotces’éal e seeneqaiprment imgelvetl, ehergycand more generally utilities and any products.
3 An objective of the invention is to have a fast simple, efficient and economical process to synthesize
the impact mgéjg'i%rm%@gélecpnarag it Hc?mttrbe rel:%%tion medium without further purifying and
unnecessary washing steps. 5 Objective 6f the nvention iS 18 rédfucé WasiWatér anteaiiddwn
utilities, espedtalfi*énefgy ést &l capital investment fobequipmentinudlveddn the-sepasation. Still
another objective of the inventioatsdo Bavema-proeass fyy 10 making.animpactpadifier that once the
impact maodifier is incorporated in thermoplastic composition, that the composition has a good
compromise Ibetw_een all the properties of the impact modified thermoplastic polymer as having high
impact strength, W& hotteduding HeevistbsitFere paf#éi eomposition ahd:15 duier change at
elevated tempieratures, due to:thednfluenceref impurities D by:proguctsused dwing,the preparation of
the impact modifierA-&yrther objective.of theinventiop,ig g have thermoplastic, .. .. .,
thermal stability, the hydrelysis stability of the thermoplastic
20 polymer comprising the impact modifier, either on function of the
time or the temperature or both.
All these influences might occur due to the architecture of the
core-shell but more particularly the impurities and side products
employed during the synthesis and treatment of the impact modifisr
25 powder. Usually, there is no special purification step of the
impact meodifier, Just a separation of solid versus liquid.
Therefore more or less lmpertant quantities of any chemical
compound (impurities, by-products) employed are still incorporatad
in the impact modifier. These chemical compounds should not
30 influence the thermoplastic material in a major way as for example
degradation of optical and/or mechanical and/or rheological

properties with time and/or temperature and/or hygrometry.

T 3 <

+t 1s also, as well iImportant, to Separate the impact modifier
35 from the reaction medium in the easiest way, meaning essentially

the use of less of resources ac rpossible. As resources can be seen

equipment involved, energy, and more generally utilities and any

products.



20 composition containing an impact modifier that has a good compromise between all the properties
of the impact modified thermoplastic polymer as having high impact strength, while not reducing the
viscosity of the polymer composition and color change at elevated temperatures, due to the influence
of impurities or 25 by-products used during the preparation of the impact modifier. [BACKGROUND
OF THE INVENH©ON]Prier art Syathesis.and-arocessgs;of wore shell.impact modifiers and,impact
modified thermgplastic com aclsitionoscggseS W%" known.h30 .The document US'5,514,772 describes a
method for producing powdery ahd granular polyhers S Fhamethbd imthides tisicdagtlatien steps:
coagulating & fatesxeofrther poRffter thetktex containiiga sulfuric acid:ester-andiorsulfonieacid series
anionic 35 surface activeyagents withsaspacid to an amount of the polymer of 40 to 80 weight percent

at a first:coagulation; step, ang.then bringing coagualtion to completion with an acid or salt at a second
coagulation step; A powd%r with a sharp particle sli%zcé ﬁeéslgﬁlebu i6nis OBtaifed Fhé& prolE¥E described

involves fourVessels Hid tREHH i§ Way&5elpi 35 The déedmentiSa, 897462 describésma slow
coagulation pecesseint5 ‘aphi range frome2 se:during:the coagulation, followed by a fast completion
of the coagulation at a pH<2, in order to obtain a spherical powder without fine particles. This slow
coagulation is achieved due to gdditgon of salt in diluted concentrations meaning a large amount of
water. 10 WO2006/05 7777 deScribes the $yntheSis'or&retshelt MBS partieics By Eintlsicn graft
polymetizatiBR*TRE pelymérpariclescaretceagutated with sulfuricacichandifurtherireated up to 85C.
15 WO 2009/:26687 deseribes functienal:MBSimpactmadifiers, §ymn§§i2%g43y@omg§%%%hemu'Sion
polymerizatign.. At th the reaction mixture obtained is coagulated in order to separate the
polymer. Thgl %%ataulgﬁen&gldtr\égrt&rﬁrgﬁﬁé eprg?f%gr“ﬁ%ﬁl by [l)ﬁngt]_’?rrl@ ifto Eontact the fedction Bétfe with a
saline solutidif {éaitii 20°CHIBTItRS6F AlURTIANIAThIvfide s GaG12:68'A1018) or a soletignwacidified
with concentratel:sulfuricracid-and ther torseparatey by filtiationy the.solid prpduet resulting from the

coagulaing, dbessolidproduct.then heing washed and.dried to give a graft copolymer as a powder. 25
The document EP 0900 827 describes e?nulsio?]%raﬁgdrgglym%?g, ch% etspeeciLa yLm%oPef-shell

polymers, which are stibstaiitially, FE&TEAT colffonefits it dégrade tReaherwplastic polymer, in
that case polygzrbbnate.iTherefore such components are omitted during

A further objective of the invention is to have thermoplastic
24 composition containing  an impact modifier that thas a good
compromise between all the properties of the impact modified
thermoplastic pelymer as having high dimpact strength, while not
reducing the viscosity of the polymer composition and color change
at elevated temperatures, due to the influence of impurities or

25 by-products used during the preparation of the impact modifier.

[BACKGROUND OF THE INVENTION ]Prior art

Synthesis and processes of core shell impact modifiers and impact

modified thermoplastic compositions are well known.

30
The document US 5,514,772 describes a method for producing powdery
and granular polymers. The method includes two coagulation steps:
coagulating z latex oI the polymer, the latex centaining a
1% &ster series andfor sulfonic acid series zanionic
35 ive agenls, with an acid to an amount of the polvmer of
40 toe B0 weight percent at z firs cozgulation step, and ther
bringing coagulation Lo completion with an acid or salt at a

second coagulation step. & powdsr with a sharp particle size



30 the synthesis. More generally in order to increase the thermal stability of the impact modified
polycarbonate any basic compound has to avoided during the synthesis of the impact modifier. It is
especially insisted on the use of a certain class of sérfactants during the emulsion polymerization,
especially sulfate- and 35sulfonate- containing surfactants. 5 All prior art is generally silent about such

process detailssof-sythesis of dhe-eerershell impact madifier espeacially its pH, at the end.qf the
synthesis, the pH before @n&duriggﬁ.the ecovery process and choice of electrolyte and the
performance of sﬁch an impagt %o&ﬁe?r}ﬁq%}’ﬁwgerﬁgﬁla%tic composition. [Brief description of the
invention ] Surprisingly it has also been discovered that the pH value during the precipitation

agglomeratidrnstepoisineportant forahe, 10 coagidationand theperforpance;of.the product ip the

thermopiasti¢ regin. It could he not sufficient.to have a certain pH for the final product, but already
respect a certa%ﬁ pﬁaduring the recovery step. The nature of t aeI% J§f|5réizier%sf:}&ell wee‘Er)daé?Hicaorfﬁﬁéic) used to

control the pE T a6 ifportant fr th& 5 perfdiahice bf BIE Brodiet inrtherthermeplastic resin. It has
also been fogrbahat aicampremise inchoosing the conditions dutiag she.syathesis-and agglomeration

yields to a bauga.rigeef@rm@@cteootlmﬁim@@%fngghfl_edim{m%é}éti%5@%%%0&;%869%!' .3 good
compromiseabeltween imgac%s(tjr?nvgég, gellowing, resistance to hydrolysis an melt sta |ﬁty.

Surprisingly it has also been discovered that the structure of the core-shell impact modifier is of

importéﬁce, particularly having 25 an intermediate shell that contains a gradient polymer. [Detailed

description ofthednyention} Iniadist aspechthe presentdnvention relaies to arogess for producing
an impact mpdifier comprising following steps 30a) synthesis of a core shell copolymer latex by
emulsion polygnerization b) .cg%trolﬁ and a Jugﬁﬁéaoéflp 'val?]%l%f tREESFE Shell oy et arfite after the
synthesis stépy 29412 Cady datibnrofte ctre shelpslyarerarassH betivectb 435and 8 by addition

of an aqueous electrolyte solution.

15 WO 2008/126637 describes functional MBS impact modifiers
synthesized by a multistage emulsion polymerization. At the end
the reaction mixture obtained is cocagulated in order to separate
the polymer. The coagulating treatment is performed by bringing
inte contact the reaction mixture with a saline solution {calcium

20 chloride or aluminium chloride - CaCl, or AlCl:) or a solution
acidified with concentrated sulfuric acid and then to separate, by
filtration, the solid product resulting from the coagulating, the
sollid product then being washed and dried +to give a graft
copolymer as a powder.

25
The document EP 0900 827 describes emulsion grafted polymers, and
especially MBS core-shell polymers, which are substantially, fres
frem compeonents that degrade the thermoplastic polymer, 4in that
case polycarbonate. Therefore such components are omitted during

30 the synthesis. More generally in order to increase the thermal
stability of the impact modified polycarbonate any basic compound
has to avoided during the synthesis of the impact modifier. It is
eépecially insisted on the use of a certain class of surfactants
during the emulsion polymerization, especially sulfate- and

35 sulfonate- containing surfactants.



6 polymer and a core-shell impact modifier obtained by such a process. By the term "rubber" as used
is denoted the thermodynamic state of the polymer above its glass transition. By the term
"alkyl(meth)acrylate" as used is denoted the to bothoalkyl acrylate and alkyl methacrylate. By the term
"copolymer" as used is denoted that the polymers consists of at least two different monomers. 10 By
the term "gradientpotymer'tused ig<lencted,a QQD@JW%%F% h”§§;gfhag'@m&€§ eB@%ﬁQQHS{B granged
from mostl r mostly monomer B along much ar all of the copolymer chain, By "
muItistage)[/:)o yr%%g]sezsﬁégeg?ié dygﬁgfeedstgeé(ﬁyﬁme% o?m%%c% sle%rue%?%ﬁasa#li% 53; 2 rﬁﬁlti-éctage
emulsion poly/fiefZ4tici 15T0Ea8S Wit &t Iast thD StaGEs thattfe diférsnt ihcorssosition.
Preferred is anmuiti-stage entulsion palymerizatioRproeess imwhishrthefitst polymekisa first-stage

polymersand.the;secapdpalymer.is.a secopdsstage polymer,ie., the second ~polymer is formed by
emulsion polymerization in the presence of 20the first emulsion polymer. By the term core-shell
polymer as used is denoted a polymers having structures for example as shown in figures 1-3, but not

limited there iBrBiftitesorirpieticletsizbe atpyreadiondenoted the volume average 25 diameter of a

particle considerad as-sphericalas measureddby Hght diffysian using lager spectriometry, By the term
"parts” as usgd herein is decn teg "partsup)é r\n/veight". Unless otherwise, stated,"total aParts by weight" do

not necessarily add to 760. 30 By the tetm ‘neutral ph" &s T8ed herein 8 eridted a pH frdfif6.0 to 7.5,
With relfard 8 #& créoshellcsholyhiér, tHis 1S ihe ferm offinetparticlescibving aimubberreore and at
least one thermmeeplasticstic resin. It could be not sufficient to have a certain

pE for the final product, but already respect a certain pH during
the recovery step. The naturs of the spescies (either acidic or
basic) used to control the pH is also important for the

15  performance of the product in the thermoplastic resin.

It has also been found that a compromise in choosing the
conditions during the synthesis and agglomeration vyields to a
better performance of the impact modified thermoplastic resin,
20 especlally a good compromise between impact strength, vellowing,

resistance to hydrolysis and melt stability.

Surprisingly it has also been discovered that the structure of the
core-shell impact medifier is of importance, particularly having

25 an intermediate shell that contains a gradient polymer.

[Detailed description of the invention]
In & first aspect, the present invention relates to a process for
producing an impact modifier comprising following steps
30 a) synthesis of a core shell copolymer latex by emulsion
poelymerization
b} control and adiusting of pH value of the core shell
polymer particle after the synthesis step
¢} coagulation of the core shell polymer at a pE between 4

35 and 8 by addition of an agueous electrolyte solution.

In a second aspect the present invention relates to a

thermoplastic molding composition comprising one thermoplastic



35shell, the particle size being generally less than 1 pm and advantageously between 50 nm and 500
nm, preferably between 100 nm and 400 nm, and most preferably 150 nm and 350nm,
advantageously between 170 nm and 350 nm. 7 Theg core-shell particle has preferably more than one
shell. At least the outer shell, in contact with the thermoplastic matrix, has a glass transition
temperature teat en.25 eferably greater then 50C. Thecore-shellimpact modifieris
prepared by gn%ion p%igme?iza%%lﬁe.r F%%?(lar%a}éaac SuithBié Méthod ' &ifif6-stiie 5olsmerzation
technique in Whicit e core and shell are produced in two sequential emulsion polymerization stages.
If there more shells another emulsion polymerization stage follows. 10 The core-shell ratio is not
particularly limitegh butreferablyinar in,weight between 10/90 and 90/10, more preferably
40/60 ang QO%Q\, agyanée}:ge%usl% 6“,0/45%L %&Gin%én%%? %d%gﬁtgﬁgéﬁgﬁyﬁéfwgeﬁwgo%d 85/15.
15 With regard to the core according fo IéifventibA: friits a rubber polymer. The glass transition
temperature £Fg)-GFthesibbes core indéss then OCepreferably tesssthen-1QG, advantageously less
then -20C an&ilmpstad\,gazraage@mlﬁhagsltmﬁgég.lggeﬁreferably the rubber core has a glass
transition tenb?)erqtrlrge Qg'gf\%ee\n@lZQC and,-10C and more particularly between -90C and - 40C and
more preferably between - 80C ahd 50 C. By wal 6F exainplé tHe Fubbet polipser bf thmecore,
mention may Hé ndde Stisdpreité HorhBpofiirhérs ortbutadiene homopolymers, isoprene- 25 butadiene
copolyrﬁérs,_@@p@lymasrmf isopreneswith:atimaest 98wtk of a viaylmapomer and gopolymers of
butadiene with.at most 98 wt%, of a.yiny| monomer. The vinyl monomer may be styrene, an
alkylstyrene, a}Jcsrggonitrile, an alkyl (meth)acr late, OF butadiene of Isdfstéhe? ITa pieférréd émbodiment
the core is a butadiens 30REmbpolyier-THe c6ré of thé core-shlbéopelymer imay be completely or
partly crosslifiKed. Aflthas is gequirddis:to add:atleast ditunetional mmanemers during, the preparation of
the core; thesedquonomers maynhe chosen from paly(meth)acrylic esters of polyols, such as 35
butanedipl digmeth)acrylate,and trimeth %oip%ogé%%%ﬁm% %%rylg{neﬁéflﬁjélr muftiftificfiohak mBhomers
are, for example, diyinyl%éﬁzene,‘trivfny Benzeri€, arth 878K/ cyafiratérFhe ¢oféwamalsobe
crosslinked By fitrGaieigy intore fsy gedfting oras 8 aicomanomenduring the-polymerization,
unsaturated functional monemes sueh as-anhydrides of 'i'%saéu@?gtc—%@%% lic acids, unsaturated
carboxylic agids aggcwggatg@it?geeﬁpoz(lsdeas. Mention may be made, by way of e anjirfﬂe, of haleic

) second~stage 1 ]
anhydnde,UnQF1aUVHC ge polymer, i.e., the second
PO er” is formed by emulsion polymerization in the presence of

20 the first emulsion polymer.
By the term core~shell polymer as wused is denoted a polymers
having structures for example as shown in figures 1-3, but not
limited there to.
By the term “particle size” as used is denoted the volume average

25 diameter of a particle considered as spherical as measured by
light diffusion using laser spectrometry.
By the term “parts” as used herein 15 denoted “parts by weight”.
Unless otherwise stated, “total parts by weight” do  not
necessarily add to 100,

30 By the term
to 7.5,

"neutral pH” as used herein is denoted a pH from 6.0

With regard to the core-shell copolymer, this is in the form of
fine particles having & rubber core and at least one thermoplastic
35 shell, the particle size being generally less than 1 pm and
advantageously between 50 nm and 500 nm, preferably between 100 nm

and 400 nm, and most preferably 150 nm and 350nm, advantageously
between 170 nm and 350 nm.



5 acid and glycidyl methacrylate. The crosslinking may also be carried out by using the intrinsic
reactivity of the monomers, for example the diene monomers. The core can also be covered by a core
layer. By core layer is meant that the polymer comgosition of that core layer has glass 10 transition
temperature (Tg) of less then 000, preferably less then -10C, advantageously less then -20C and most
advantageoUsly less¢hen=25Cpdhel core layer iscprisferably argradieritpolyrner. 4580r préparing the

rubber core with a diametet of 50:250nm; of the, care-shell particle different processes cande used: the

grow-out process, the seeded grow-out process and an agglomeration processihChainztraElsfer agents
are also usétdfin fornfingthe &6fd Bolyiar. UEBRGA AR transfet ageits iRélude fHose’known in the
art, 20including Butardtinited tetercdededyifmercaptan,n- docdecylmercaptan, n-octylmercaptan, and

mixtures of ehain transferagents. Thesehain fansfecagent is usad gt levels frgm Od.2 pereent by
weight, based on tst\reitzcz_itgl core monomer content. Ing%\;}z_regﬁreredme%bo&jimesnt,ao.lttvgol ercent chain
transfer ageﬁ?Z%Ts used in Fb'rmlng thé core polymer. ith regardE {o the shell(s) accor inggto the
invention, thesevare siiere hdmapolifersralkyistjre nbhofToisolyiers of ‘metiyt niétrattifate
homopolymers, at-eopalymerns:eamprising ahleast 304 0: widbiefronerabthe. abmvemmenemers and at

least one comonomer.chosen fram the, other.ahove monomers, another alkyl fmeth)acrylate, viny|

acetate and acrylonitrile. The shell may be functionalized by introducing into it, by grafting or as a
comonomer dtfringPtHe pofymerization, ‘Gnsitbrated tmttidhal 35 Mohoiier8 Such s anfydfides of
unsaturated carboxyke acidsy umsatiratedecaryoxylid agids amtl UisdtOrated epoxides: Méation may be

made, for example, of maleig,anhydride.{meth)acrylic acidglyeidykmethacrytate, hydroxyethyl
methacrylate and 9 alkgllgmet@acr%lamig?{s. By way of example, mention may be made of core-shell
agegu ow %O al) %ﬁgl

copolymers RaViHg 200l etyrene Shall and cor shelrédpolymers having a PMMA shell. The shell ma
y

also contain imide functional groups, either by copolymerization with a maleimide or 5 by chemical
modifiqationwidhe PAMMA bya phimassaming Advantagesuslythermetariconcentration of the imide

functional groups1s 3910 6% (relaive jo.he enfitg, shell, Thete, 212 alsg corerghel conglymers
having two she S, oné made of po ystyrgene and the other, on the outside, made of PMMA. Examples
of rubber core is lYess then 0°C, preferably less then -10°C,
advantageously less then -Z0°C and most advantageously less then -
25°C,

20 Preferably the rubber core has a glass transition temperature
between —120°C and ~10°C and more particularly between -%0°C and -
40°C and more preferably between - 80°C and - 50 °C.

By way of example, the rubber polymer of the core, mention may be
made of iscoprene homepolymers cor butadiene homopolymers, isoprene-

25 butadiene copolymers, copolymers of isoprens with at most 98 wt%
of a vinyl monomer and copolymers of butadiene with at most 98 wtd
of a wvinyl monomer. The wvinyl monomer may be styrene, an
alkylstyrene, acrylonitrile, an alkyl (meth)acrylate, or butadiene
or isoprene. In a preferred embodiment the core is a butadiene

30 hemopolymer.

The core of the core-shell copolymer may be completely or partly
crosslinked. All that is reguired is to add at lesast difunctional
monomers during the preparation of the core; these monomers may be
chesen  from poly{meth)acrylic esters o¢f polyels, such as

35 butanediol di (meth)acrvylate and trimethylolpropane
trimethacrylate. Other multifunctional mconomers are, for example,
divinylbenzene, trivinylbenzene, and triallyl c¢yanurate. The core

can also be crosslinked by introducing into it, by grafting or as



10 copolymers and their method of preparation are described in the following patents:US 4 180
494,US 3 808 180,US 4 096 202, US 4 260 693,US 3 287 443,US 3 657 391,US 4 299 928, US 3 985
704 and US 5773 320. The shell(s) may be crossfinked by adding a at least one 15 multifunctional
monomer during the preparation of the respective shell. With regard to the gradient copolymer

according to shedpmentiasy atdeastonedhayer,of the.care-shell partigle.is, a copolymer of 20 variable
er words having a (gﬂradient. The poflémer composition at the

composition ggig\gggp twgégxer%,sin otqj Jvore : . ‘
beginning of the gradient zone is ricREFin the ‘c'rhsong%eﬁﬁ SEPHGM thé HeTGHBOfng Y&t -and at the
end of the gradfént'zhedhecchssyher Borickeriprthansetornd mdnemeripelymerthatdfornes the next
layer. The graslieni@5 zane between thesare-gnd.a shell or betweaen fwe-polymarshells,may be
produced for m y mon rs that have different copolymerization parameters or by carrying out
the reacﬁon ﬁ\%%%se%lﬁﬁ%bon%r%g%?mo %aclilr? er’ §t5§r3éd gleeg cgﬁaﬁlsén*sin%vﬁp e i rafe" 87 the“addition of
the monomefré & sFoWaPth&Y is the Fatebf the BOrEacti6A2Thevatter plode Taumes that theor

instantaneous<eopotymee compesitionissdetermined by the monomer feed composition. The gradient

polymer is never the.qutermost layer of the core shell patficle. , The mogomers in the gradient
polymer are chosen qn funqgion of the 35 neighbaring layers from the monomers citéd With the core

and the respective shélls. I & prefafféd erBddimentihe’dradiéth poRffier é8ftprives Butatiene and
styrene br metliylsmetrachiate apd-styrefie asorhonomerseb00Nith regatdtadthe peeductien process,

the core-shellinmactamedifierisan emulsien graft copelymer haying a,hutadieneshased core polymer
and one or mare shell olymers. A graft copolymer, is obtained by graft-polymerizing a monomer or
monomer mixture 5 containing at least an aromatic vinyl, alkyl methacrylate or alkyl acrylate in the
presence of A15t&x Edntairfitig & batadiereB dsed Tabberpolymerner Polymerization initiators useful in
producing a the graft 10copolymer include, but are not limited to a persuifate salt such as potassium

persulfate, apypogygpagqr%ufgg@, %ggggi%&ergyggteé a(rimE.“(.)a(“qﬁa,cnei(;f pggo@ggz%cr;ﬂag gegC -%utyl
hydroperoxide, cumene hydroperoxide, henzoyl peroxide, lauroyl peroxide, pmenﬂ}ane hydroperoxide,
and diisoprop§iberzeite hyardpErcxide: 4R 15 az8 torhpsarid Stehbss 426BisisalutyFeRritele; and
azobisisovalersmtidle; ortz redoxdditiatom Hdowevercit is preferable tey use<catalytic systerns.of redox

type formed by.the eombiration.af:a pesexide:compound, for, example as mentined ahove, with a

reducing agqpstilkngart'cular SEEQH%% alkali metéil 20 sulfite, alkali metal bisulfite, sodium formaldehyde
SO2HCHO), 5corbic acit? glticost™ andf'in partiéfiar tHOER of-the 'Hid Eataiytic

sulfoxvlate (Na _ (
systentSwhitRarewater-softible, ToF exarmple-potassiim persulfatelsoetivirmetapisulfite or-

alternatively dtisoptopyibenzene hydropesexideisedivim formaldehydeisulfendate s  chain
transfer agents. The chain transfer agent is used at levels from 0
to 2 percent by weight, based on the total core monomer content.
In a preferred embodiment, 0.1 to 1 percent chain transfer agent

25 is used in forming the core polymer.

With regard to the shell(s) according t¢ the invention, these are
styrene homopolymers, alkylstyrene homopolymers or methyl
methacrylate homopolymers, or copolymers comprising at least
30 70 wt% of one of the above monomers and at least one comonomer
chosen from the other above MONOMErs, another alkyl
(meth}acrylate, vinyl acetate and acrylonitrile. The shell may be
functionalized by introducing intoe it, by grafting or as a
comoncmer during the polymerization, unsaturated functional
35 monomers such as anhydrides of unsaturated carboxylic acids,
unsaturated carboxylic acids and unsaturated epoxides. Mention may
be made, for example, of maleic anhydride, (meth)acryiic acid

glycidyl methacrylate, hydroxyethyl methacrylate and



25 or even more complicate systems as for example ferrous sulfate/dextrose/sodium pyrophosphate.
Use may be made, as emulsifying agent, of any one of the known surface-active agents, whether
anionic, nonionic or even cationic. 30 In particular, the emulsifying agent may be chosen from anionic
emulsifying agents, such as sodium or potassium salts of fatty acids, in particular sodium laurate,

sodium stearateysadisinpalmitate; sodiumoleate.Jnixed suliphates of ls(g)rgi%@yorbgf potassiym and of
fatty alcohols, in eo_asrltligpiar Cs(g:)dci)ummlauryl 35 sulphate, sodium or potassium salts of sulphosuccinic
esters, sodium or potassiuny Salts of alkytaryisdipRomic AL /i parfiBfilar sbifuntore-shell
dodecylbenzerestiplidfates Grith sediGMdr potassiufit salthel fattymonbglyceride monesidphonates,
or 11 alternatively from:nanionic sufactantspsuehas the reagtion produets.of gthylene oxide and of
alkylphegnol f aliphatic alcohols,-alkylphenols, Use may_also be made of mixtures of such
sun‘ace-igcti\(/%&f'jlgé'r}lgtgs;,ﬁiféﬁglce?s,n:~%3ctlr§ f%c%!épacé y the wé%ﬁng %?E)Mér rg)goveary (hedhing th&"sBfation of the
core-shell pANmigts FrSmitHe! emblgon)qs Carriéd Gt i ricdnscat spray dnying of byaheansLof
precipitation or coagulatioh and separation aftheddispessingrwaters 1€: In thergase of the present

invention wordRg-up.is dong Ry means of ceagulation.and separation of the dispersing water. The
coagulation %t;%:lpl{%’[lon is.made with an electrolyte addition. In the scope of th pr sent invention

chloride anioh containing baSad elgttrolyits dfarettrabfivoided, ad'#iky mightpdsé 15ebrrosion
problerh$. TReFEALBIS bf thethothanic codgulation saltdspreferablysselectes-fron:graup lepdla and Illa

of the Periodie Tahle:f the. Hlements. Sodiym.spo@ssium, galgiumand magnesiym,agee pauticularly
preferred. 20,Electrolytes used as jon agent for the present invention are for exam e
inorganic salts such as sodium suh%cig??a ciu%%ulfate}aslur%iﬁiﬂ?n Stitfate, sodiurh 22° 2,

dihydrogenophosphate,’ disctidnt RydrdgeéndgResphate, potassium dihydrogenophosphate,
dipotassium hyerogeadphosphede, calcium-hypophasphiteand sakts of arganic 25.acids sych as
sodium acetate, cajcivm poqggtem&pgﬁ)@gughgrﬁ%atgh calcium a%%tytljanceg%nattgélngr anic salts can be

used from the anhydrous or the hydrated form when it e?igts?aa{:s or examplé magﬁegﬁ?ﬁ‘%ﬁfate
anhydrous or rﬁﬁgnesium sulfate heptahydrous. Advantageously the electrolyte is chosen from
inorganic salts and 30 preferably among phosphates and sulfates anions and among sodium,

potassium, magaegigaancealchamgations, asiiaample magnesium sulfate, calcium sulfate,

disodium hyg%ogfgggthogfp@a&ea,ﬁortag?u[Cn dihydrogenophosphate. The electrolytes are used in form

of an aqueous solution of one of more thereof! S5 AR Mpor&it péintisithe pHIERRIEEERNG the
coagulation & Often e pHf 6t fiie peaeris tdapteddostheifinal predustafier the tecovery as for
example by coagutation.But inocase of dh@position at the beginning of the gradient

zone 1is richer in the monomer/polymer from the neighboring laver
and at the end of the gradient zone the cepolymer is richer in the
second monomer/polymer that forms the next layer. The gradient
25 zone between the core and a shell or between two pelymer shells
may be produced for example by mnmonomers that have different
copolymerization parameters or by carrying out the reaction in a
semi continuous mode under starved feed conditions where the rate
of the addition of the monomers is slower than is the rate of the
30 reaction. The latter mode causes that the instantaneocus copelymer
composition 1s determined by the monomer feed composition.
The gradient polymer is never the outermost iayer of the cors
sheil particle.
The monomers in the gradient polymer are chosen on function of the
35 neighboring layers from the monomers cited with the core and the
respective shells,
In a preferred embodiment the gradient polymer comprises butadiene

and styrene or methyl methacrylate and styrene as monomers.



12 present invention, the control of the pH already takes place before and during the coagulation step.
The pH value at the beginning and during the coagulation step should be between 4 and 8, preferably
between 5 and 7.5, more preferably between 6 and!? and advantageously between 6.7 and 7. The
coagulation takes place between at a pH from 4 to 8, preferably from 5 to 7.5, more preferably from 6

to 7.2 and aduantageaasly frem 6cie 7. chhepkt vallie Pejersthe recavery by agglomeration of the
grafted 10 cqresshell polymer dis uelrg,iiocnncar} abgtatygsg%d bg Lpr%ces%es kn%wgatg,theegggsson skilled in

the art, for example?téy addition of organic or morganﬁ: adidic solttion’when thé pjl—?:\llalue |se?oo high, or
by addition of drgah

Brifofganit AkafinBSBIuGiSR Wher thEDH is fod ToW T oF Bycaddition 6fa buffer
solution to 15keemthe pbl at aneary«<constant vallie, awithiarestrictes-varations when smal quantities

of acidicsor alkaline compaunds are added J.the solufion. The,alkaline, solutions are preferably exempt
from strong inorganic bases like NaOH, KOH, LiOH, Ca(OH)2 and more generally exempt% 20
ammonia and‘t *s‘f‘%?géﬁictﬁlaease%r\?ﬁw?é}ﬁ?el%gsé Ot Shs e tohytfoRysieihatesd ot thissdciation.
The buffer saleftierrisran gegueous solution consisting of a mixture of a weak acid and its conjugate
base or a weak base and its conjugate acid. 25 As example of buffer solution, one can mention,buffer

of carbonic acid 3(HI—JEZIQngifs_m)tg;lng bicarbonate (HCO3 ) present in blood plasma, to maintain a PH between
7.35 and 7.45, OF Citric acid and sodium citrate butfer solutibn, BF pHospiate buffers bagéd'dn

dipotassium &FRPMBITSpStaSSitih phvspHates Bt disodiuardnd30emenbseodiateplesphateshor citric
acid and disediumrphesphate. Pseterabhysahosphate huffer salutions are-yseddndthe peasent invention

and more preferably; phosphate huffer. solution. prepared tg be able to keep pH value between 6 and 7.
13 The coag%lation ig carried oultJ%t temr?eratureseof from 5C tg” Eilbtoéflléyeffelr%lﬁllf/of?gﬁfé “to 100C,

particularly préféiably FomRSER T60C dGvatagedusiy froft 20C 1 90C.  PREYEISconding from the
synthesis usedrfordhe coadguation:has:a Szselidcionent betweenzEp% and 66%rinweight and

preferably between 25%-3nd20%. The.aqueous solution,of the: elggtrolyte contain conceqirations in

salt small enou h.to, gnéy;?@%%gPi'it};~(§ the species, taking into account their solubllity constant in
L ptrlie; r RoC Ao 3 i 4
water at 25C. 10 The Séparation of thé codgulated sitf predipitatéd polymt&t sid fhe wdter'can take
place by conventiordl riethods For exampleisieving -fitmtioh, decantativpeor icemtefugationter
combination efrsemetafdhersr After separating offthe dispersing water,;a moigt grafted.pelymer is
Obtalned’ Whé%lgwyésyaux&asarer&%%%li\r’lvgteargent, in particular such as alkali metal
20 sulfite, alkali metal bisulfite, sodium formaldehyde sulfoxylate
(NaHB50,HCHOY , ascorbic acid, glucose, and in particular those of
the said catalytic systems which are water-soluble, for example
potassium persulfate/sodium metabisulfite or alternatively
diiscpropylbenzene hydroperoxide/sodium formaldehyde sulfoxylate
25 cr even more complicate systems as for example ferrous

sulfate/dextrose/sodium pyrophosphate.

Use may be made, as emulsifying agent, of any one of the known
surface-active agents, whether anionic, nonionic or even cationic.
30 In particular, the emulsifying agent may be chosen from aniocnic
emulsifying agents, such as sodium or potassium salts of fatty
acids, in particular sodium laurate, sodium stearate, sodium
palmitate, sodium oleate, mixed sulphates of sodium or of
potassium and of fatty alcchels, in particular sodium lauryl
35 sulphate, sodium or potassium salts of sulphosuccinic esters,
sodium or potassium salts of alkylarylsulphonic acids, in
particular sodium dodecylbenzenesulphonate, and sodium or

potassium  salts of fatty monoglyceride moncsulphonates, or



15content of up to 75 wt%. By the process according to the invention there is only partial separation of
the auxiliary substances, such as, for example, emulsifiers, decomposition products of the radical
formers, buffer substances, so that a considerable pdrtion of up to 100% of the 20 auxiliary substances
remains in the graft polymer and consequently in the end product, that is to say the moist grafted

polymer. As therexisna futher pusification step. all byprodugts and.impurities fhat will not part with the
water will resgrig éhg core6§h¢\:_!Lgo£3/mer powder. 25 With re ard to the recovery process fhe pH of the
latex of the core-shell copolymer particle’Beftre HE cddguiatioh SispTs bétiveeh 4arid 725 isreferably
between 6 afid 7°/Preferably: the i ofthe boagmation. stepee) isdiatweenf and-Zs The pHiyalue of
step 30 b) is at is acjustediby adgitien ofian agueaus buffer solution, preferably an aqueous phosphate
buffer sojution. Preferably the electrolyte used for coagulation in step c) is magnesium sulfate In a
preferred embodiment the recovery process comprises an 35 additional step after the coagulation:
adjusting of pEYHIGE of thie EoTE SHelFBolymerftarahe corulation Step betieerr6 antd F5: 14 The
adjustment ofthe pHiaftercoagulation:can beemage by sigctrolytes-as solution 9f for.example

inorganic saltg.sugh as sgdium, sulfate, calcium sulfate, sodium dihydrogenophosphate, disodium
hydrogenopg%séptlaattei ggtg§siy}§n d?ydrogenop%osgﬁ"aét%f%T;L)éc%tlfals%%m()ﬁya%g%“ﬁb %b%‘bhﬁfé‘% calcium
hypophosphite: lan‘organlc salts Can b&"ised fforfithié“anhydrous or the hydrated form when it exists, as
for exaniple Afaghiesiwmesulfate drhydrousor magnesivm sulfaterheptahydrous. Advantaggously the

electrolyte iscchosen: frominerganissalts. apd-preferably ameng m%sg%@%@éga”%é%f?.tes #0,anions
and among %@gm,a[%qt%s&@élmgggeg,(i)%m{and cgllcium cations, as for example magnesium sulfate,
calcium sulfate, disodium hydrogenophosphate. potassiumh AihyHdgeropHsphiste FRE electrolytes
are used in form SFfan®agé&ous soltitioR s of: moretthereofh 168treng:inorganicrhases fike NaOH,

KGB, LiOH, Gafe#)2-andimoregenetally amaxaniamnd ra%ﬁggggni%gas{ggé\{yhiﬁggrg{ea e.QH- ions
due to hydrolysis have,tq,bg,.avgided. An antioxidant can be added. As antioxidant, products from C

ba, 20 Clariarg or Songnox companies are well known to be added to stabilize polymers. 25 30
The «catlon of "the inorganic coagulation salt is preferably

selected from group fa, IIa and IIla of the Periodic Table of the
Elements. Sodium, potassium, calcium and magnesium are
particularly preferred.

20 Electrolytes used as coagulation agent for the present invention
are for example inorganic salts such as sodium sulfate, calcium
sulfate, aluminium sulfate, sodium dihydrogencphosphate, disocdium
hydrogenophosphate, potassium dihydrogenophosphate, dipotassium
hydrogenophosphate, calcium hypephesphite and salts of organic

25 aclds such as sodium acetate, calcium acetate, potassium formate,
calcium acetylacetonate. Inorganic salts can be used from the
anhydrous or the hydrated form when it exists, as for example
magnesium sulfate anhydrous or magnesium sulfate heptahydrous.
Advantageously the electrolyte is chesen from inorganic salts and

30 preferably among phosphates and sulfates anions and among sodiunm,
potassium, magnesium and calcium cations, as for example magnesium
sulfate, calcium sulfate, disodium hydrogencphosphate, potassium
dihydrogenocphosphate. The electrolytes are used in form of an
aqueous solution of one or more thereof,

35
An important point is the pH value during the coagulation step.
Often, the pH of the powder is adapted for the final product after

the recovery as for example by ccagulation. But in case of the



polyesters as for example poly (ethylene terephtalate) 35(PET) or poly(butylene terephtalate)(PBT)or
polylactic acid(PLA),polystyrene(PS),polycarbonates(PC), polyethylene, poly (methyl methacrylate)s ,
(meth)acrylic copolymers,thermoplastic poly(methyl methacrylate-co- 15
ethylacrylates),poly(alkylene-terephtalates),poly vinylidenefluoride(PVDF),poly(vinylidenchloride)
(PVDC),polyoxymethylent@0Nyse misbrystaflivie polyamidessantoi phidus polyaimidées, sémietystalline
copolyamidgsgmorphous. copglyamidespolyetharamides, polyesteramides,copolymersofstyreneand

acrylonitrile (SAN), and their respective mixtures. Accarding to a preferred embodimen

thelrmoplastil(ci:"l fe r%] cc‘)vr%%uoesiti%% c%%p%%%l%ﬁ/%%rbagngatg ‘(%trﬂqan %oer p%?fgﬁg?gﬁ%% (gsri%!‘lE PET) or PC
or polyestersaifoys! Tire difoyecfor examifte fayie PCRBSpAYHAEHTonitriléiCo-ButadieE-to-styrene),
PCl/polyester-erRSPLA justdosmentioniafex ity regargkto. ey constituents of theccomposition, the
15 proportians between the core-shell polymer of the inyentign and thethermgplastic polymer are
between 0.5/99.5 an 20780, preferably between 2/98 and 15/75. Methods 20Estimation of the particle
size of the iﬁﬁ%f%%ar mBH?ﬁéré’ atto 7.%, more preferably from 6 to 7.2 and

advantageously from 6 to 7.
The pH value before the recovery by agglomeration of the grafted
10 core-shell polymer dispersion can be adjusted by processes known
to the perscon skilled in the art, for example by addition of
organic or inorganic acidic solution when the pE value 1is too
high, or by addition of organic or inorganic alkaline solution
when the pH is too low, or by addition of a buffer scolution to
15 keep the pH at a nearly constant value, within restricted
variations when small guantities of acidic or alkaline compounds
are added to the solution.
The alkaline solutions are preferably exempt from strong inorganic
bases like NaOH, KOH, LiOH, Ca{OH)2 and more generally exempt of
20 ammonia and most organic bases which release OH- i1lons due to

hydrolysis instead of dissociation.

The buffer solution is an aqueous solutlcon consisting of a mixture
of a weak acid and its conjugate base or a weak base and its

conjugate acid.

25 As example of buffer soclution, one can mention, buffer of
carbonic acid (H:C03) and bicarbonate (HCO:™) present in blood
plasma, to maintain a pH between 7.35 and 7.45, or citric acid and
sodium citrate buffer solution, or phosphate buffers based on
dipotassium and moncpotassium rhosphates or isodium and

30 monosodium phosphates cor citric acid and disodium phosphate.
Preferably, phosphate buffer solutions are used in the present
invention and more preferably, phosphate buffer sclution prepared

to be able to keep pH value between 6 and 7.



the end of the emulsion polymerization is performed by capillary hydrodynamic fractionation (CHDF).
For the estimation of weight average powder particle size, 25 particle size distribution and ratio of fine
particles. a Malvern Mastersizer S apparatus with d 300mm lenses, measuring a range from
0,5-880pm is used. D (v, 0.5) is the patrticle size at which 50% of the sample has size less then and

50% of the saaplediave & size larger-then that 3Q: size, orinether yards the eguivalent volume
diameter at %g‘gqgumulg%glg%glu e. This size is alggcknown as volume medium diameter that is
i

related to the masé thedran diametar By the desity of the PAFICISS By the defisTty 5t the pafticles
assuming a siz€findepéidentdensity Jor tee paitietes: B5D ¢, 04)ds the particle size at which 10% of

the sample ishsmallerthesthat size~ok it other-wosds the @guivalent volume diametenat:10%
cumulative volyme. 16 D.(v, 0,9)is the patticle siczfe %w@jchﬂ.QO% of the sample are_smaller then that
size. D[4,3] is the volumgeaveral%é diameter. The Span is expressin I%Ee width Bf the lﬁ%rﬁ%le size 5
distribution. THE"SfTalfet the"Faratieter is the smaller the particle size distribution is. The norm 9276-1

"Presentatioficf resudtsuef patticle sizerdnalysispattgraphicalrepresentation’andthenorm9276-2
"Presentation.ofiresits ot parfigle size analysis pagt 2: i&cééc@ﬁgo%@c%\é%ﬁa% particle, .,

sizes/diameters and moments from particle size distripution" are used.,Procedure to obtain the pH of

the final powdier: 5§ of driéd powder are diSPErsatin 20RE St demineratised water -15 under stirring
during 19 mifhat A5G Them, e sidrey isofiltrateticon anWattrean filter in paperyTde pHoofdhe filtrated

water is measiredl abroomeMPeratur®, conventional methods for example sieving,

filtration, decantation or centrifugation or combination of some

of them. After separating off the dispersing water, a moist

grafted polymer is obtained, which usually has residual water
15 content of up to 75 wt%.

By the process according to the invention there is only partial
separation ©¢f the auxiliary substances, such as, for example,
emulsifiers, decompesition products of the radical formers, buffer
substances, s0 that a considerable portion of up to 100% of the

20 auxiliary substances remains in the graft polymer and conseguently
in the end product, that is to say the moist grafted polymer.
ARs there 1s no further purification step, all byproducts and
impurities that will not part with the water will rest in the

core~shell polymer powder.

25
With regard to the recovery process the pH of the latex of ths
core-shell copolymer particle before the coagulation step is
between 4 and 7.5 preferably between 6 and 7. Preferably the pB of
the coagulation step c) is between 6 and 7. The pH value of step
30 b) is at is adjusted by addition of an agueous buffer solution,

preferably an agueous phosphate buffer solution. Preferably the

electrolyte used for coagulaticn in step <) is magresium sulfate

In a preferred ecmbodiment the recovery process comprises an
35 additlonal step after the ccagulaticn: adjusting of pH value of

the core shell polymer after the coagulation step between 6 and
7.5.



The pH value is obtained using a Fisher Scientific glass probe connecte_d to an Eutech_ Instru_ment pH
200 series pH-meter 20 preliminary calibrated with standard buffer so!utlons_. Preparation of |mpact .
modified compositions, the respective impact modifie4 powders are mixed with the thermoplastic resin
polycarbonate Lexan ML5221 from SABIC(at 5wt% with the help of an 25 extruder type Clextral

[ [ 320C
double diameter 25mms deagth 700mmy) Using temperatures be ween from 10%C up to
<(1Iepending on Ehe tregi)ective zones thro.ughc?ut the whole extru éar.mli'hecﬁﬁpacfg stf@?w%?h dithe
eleCtro

thermoplastic composition is meastrad $6in AtcordarfeeWithethé HowR 1SO 802000 Tiest specimen
are Type 1A.5°H e folloRirig examaplesithe meﬂltfﬂow,indeagc{i\h‘vﬁ') of thepelymerie copmQsition is .
measured in aceotdance with +SG:=1338:2002:35at 300C using a 2.]d§l§1g,éoad. Sam| I%}bvggre prepared.

i ' ‘sample after 25min
The MVI:cha ressed in percentage of change qu_m the preparéd sample a ter _
compared to?%go\%%égg er%%%lg%?sn ﬁ%l Cﬁ?s Vi @r'co%ﬁfbﬁ‘ﬁ’t‘i1 n degrates ke My Valaszasmin 17 is

larger then tH& Vafue 3k 67fin it Eade oF thepresert invention the limitiot the: relativeM¥4 change is
considered as-acteptable itthe reative chaageofithe MV1Aalue is lgss then 20%, This is to be

ing i ' [ . lor change
derstood hy,n cr tantly, the viscosity of Sthe polymer composition. The co
iusnot?served %iymﬁ%gfuriﬁ?%gggr%%fer%&aﬁe B*¥Va l.?é/ is E%sfgd o Tharacterize the Ghvapal

h

yellowing off the sampies. “Ttie B* Vafue i dtieertie! bluamand tha yatiow: of thed1G edloure olours
tending towaté thesyelloiv fievesa positive bﬁa/alueiwhi,lerﬁhqs@ggnaingquvga.n@m% blue have a ;(;egatlve
b* value. The h* Vﬁl@esé&mg@gur%gg%&polggm@g (esggg%l&(mac%%rﬂgg éo thgiAS%-cli-MlmE

. h f
standard). If ﬁ'}%é@%@é&?ﬁ%@?ﬂ?? to Zeri?oigaltssS?Punrfldere%z;ﬁ?rtdtroegenophosphate . The
electrolytes are used in form of an aqueous solution of one or
mere thereof.
15 Strong incorganic bases like NaOH, KOH, LiOH, Ca(0H)2 and more
generally ammonia and most crganic bases which release GH- ions

due to hydrolysis have to be avoided.

An antioxidant can ke added. As antioxidant, products from Ciba,

20 lariant or Songnox cecmpanies are well known to be added to

stabilize polymers.

An antiblocking agent can be added. Inorganic salts like calcium
carbonates or silica can be used. Silica is preferred.

25
Still another aspect of the invention is an impact modified
thermoplastic composition comprising at lesast one thermoplastic
polymer and a core~shell copolymer impact modifier particle as
described before or obtained by process as described before.

30
With regard to the thermoplastic polymer <that is part of the
thermoplastic composition according to the invention it can be
chosen among but not limited to, poly(vinyl chloride) (PVC),
polyesters as for example poly (ethylene terephtalate)

35 (PET) or poly(butylene terephtalate) (PBT)or polylactic
acid (PLAY}, polystyrene (F3), polycarbonates (PCH,
polyethylene, poly (methyl methacrylate)s , {meth)acrylic

copolymers, thermoplastic poly (methyl methacrylate-co-



15 thermoplastic composition comprising the impact modifiers of the invention is acceptable. The b*
should not larger then 4. The colour change is observed as a function of time under different
conditions: samples kept at 120C and samples keptlét 90C and 95% humidity. 20 [Examples] As
commercial products the following product was tested as well: Paraloid114 EXL2691A is an MBS

impact modifet frohs ROHMand HAAS. 25-kbxamplexlyota latex-according 40 figyre | Figst stage:

Polymerizatian afqoreha.a 2Q litres high-pressyre. éeactor was ha:srg?d: e-ionized water 116.5 parts,
emulsifier pot %J }salt of beef tallow fatty acid 3 O.lbart,pi, B

{adiene 28 pard td6decyl
mercaptan 0.1 parts, and priarthAREhyliopetoxide 6 4 Parts as an initiat kettlecharge, aseoutlined
below. The sBRitiaWekcheated, wittragitation, top43G athwhieh time a kedox-hasgd-catalystsolution

was chargeddwaierd s pasts, sodim retrapyr §9Qgtﬁ 0.3 35 partsbﬁerreoggesyggte d0.004 parts
and dextrosepg.§y§£§g,r%f;neic5iggly initiating the polymeérization. Then the solution was farher heated

to 56C and held at this temperatufe for a period 8Pthfé€ hdurs. 18 Three hotiFsfter polyrmdrization
initiation, a sE€ond Monbmet tharge:t77.8 partsBD, tidodecyl mercaptani®.2 patts), :ane=half of an
additional entuisifieriand reductantchatge-(de-ianizeg: water BQ.ﬁleparLtgegm)tﬁgge{ipcota%gisuirlq salt of

beef tallow fatty.acid 3 2,8 pafts, dextrose 0.5 parts) and additional initiator (pmenthane
hydro%sf[)oxide O?égggrtfg wer%q %Séndts%%o%g yyaaf%(ojnc%\;égr eﬁ%ﬁ% h8ﬂ§s/.cifol%%i%?gsﬁ%rco‘%%tﬂ§n of the
ifl

second monomer addifion thé Peihiig emugfier Hhel reddctant chargesplasinitatorwas e

continuously &tfed<over an additional five hours. 10:Thirteen-Beurs after, polymerizatian initiation, the
solution washeated to-68 Crand aljowed to react untjl gf least twenty hours had elapsed since

polymerization initiation, producing polybutadiene rubber latex, RI. The resultant polybutadiene
rubber latex R%zzhcontained 38% solids 15 and had a average patrticle size of about 170 nm. Second
stage: Poly tioFegPSHell ¥qoutdreshediphistol £18:04Rresagacttiievascehpegat 75:4) pars.on a

solids 15 proportions between the core-shell polymer of the invention and

the thermoplastic polymer are between U.5/99.5 and 20/80,
preferably betwsen 2/98 and 15/75.

Methods

20 Estimation cf the particle size of the initial impact modifiers at
the end of the emulsion polymerization is performed by capillary

hydrodynamic fractionation (CHDF) .

For the estimation of weight average powder particle size,
25 particle size distribution and ratio of fine particles. & Malvern
Mastersizer S5 apparatus with a 300mm lenses, measuring a range
from 0,5-880pm is used.
D (v, 0.5) is the particle size at which 50% of the sample has
size less then and 50% of the sample have a size larger then that
30 size, or 1n other words the equivalent volume diameter at 50%
cumulative volume. This size is also known as wvolume medium
diameter that 1is related to +the mass median diameter by the
density of the particles by the density of the particles assuming
a size independent density for the particles.
35 D {v, 0.1) is the particle size at which 10% of the sample is
smaller then that size, or in other words the eguivalent volume

diameter at 10% cumulative volume.



basis, of polybutadiene rubber latex R1, 37.6 parts de-ionized 20 water, and 0.1 parts sodium
formaldehyde sulfoxylate. The solution was agitated, purged with nitrogen, and heated to 77C. When
the solution reached 77C, a mixture of 22.6 parts méthyl methacrylate, 1.1 parts ethyl acrylate, 1.4
parts divinyl benzene and 0.1 parts t-butyl hydroperoxide initiator was continuously 25 added over 70
minutes, follewed by hpld: period of 80-minutes: Thirty miputes ajtes the onset af.the hold period, 0.1
parts of sodigggﬁqrg}alggg}yd;%gglfg&@te and 0.1 parts t-butyl hydroperoxide were added to the
reactor at once. Following the 80-minute hold period, a stabilization emulsion was 30 added to the
graft copolymief atex* THe &tafsiiZ8fof EthasoA %8S prepared by mixing 5.4 parts de-ionized water
(based on graftecopabpmer massyx0kpattsdodeeyl benzene suyfonie agid, .1 parts dilauryl
thiodiprapionate ang.Q.24,parts, ro . :
triethyleneg%coIQisc[f)-(B-g-butyl-éf;hyarrrlg;;-%r-met“t}ﬁilphpgﬁyal %recfpioﬁgte]F%SThSém?éLsﬁﬁfantté}gre shell
latex (E2) had 4 average partitié €iz8'6f aBodt®t80 nm. 19 Example 2 (according to the invention) of a
latex accordifftafigtire? 2beFirst' StegesrPelyhoerizdtion of Core drandreare12 Ta a-2Q Hitress : s

high-pressurgareactor was ghasged: de-ionized water. 5.116.5 parts, emulsifier_ sodium nggtagf dodecyl
benzene sulfonic acid 0.1 Oglart%,fl,sggggaczygneozo parts, t-dodecyl mercaptan 0.1 parts, an
p-menthane hydroperoxide 0.1 parts as an initial cHatge" The sélttion Wasidated, Xttt agitation, to

43C at\Which filfe fiedx-Based eatdlystselutiorrwas chargedwater 45 pantsp20seditmmn
tretrapyrophesphate 6.3 partsifettous: suate 9:Q04pars and dextrose 0.3 parts), effectively initiating
the polymerization. Then the solution was further heated to 56C and held at this temperature for a

period of three haursyd hreehours, after p&@y@gr@@éb&@tiaég%d%;gcond monomer charge (71 parts
BD, t-dodecyl mercaptan 0.2 p%drjts(}, additignal emulsifier and reductant charge (de-ionized water 30.4
parts, emulsifiet sodiurm salt of dodecy benzene &iifonic acidBto parEHexirse 025 patts)and
additional iniiatS (pTherthage ydroperokide 0:8 parts) wevéontimeauslyradded: avereight hours. 20

Following the completioneaf thewsacontmonoraer additigp.the remaining,emulsifier and,reductant
charge plus jnjtiator,was confinuously added over an additional five hours. Thirteen hours after

polymerization initiation, the solution vﬁgg%eaet%%et%aééré,' additional initiator (p-menthane

hydroperoxidé ®25°6.06°gifts ) 'dn P BretiH (05 hafits | wie eontifcuslytadded diring auditienal 3
hours, and aflewed te #eactuntiat leasttwenty hours-had elapsed:since pepmerizgtiopdpitiation,
producing blﬂi@@i@ﬁ@r@@f?"&agli%-&gtf@gi%%@?@@a'@tﬁ%%c(%'ffer solutions.

Preparation of impact modified compositions, the regpective impact
modifier powders are mixed with the thermoplastic resin
polycarbonate Lexan ML5221 from SABIC {(at 5wt% with the help o©f an
25 extruder type Clextral (double diameter 25mm, length 700mm) using
temperatures between from 100°C up to 320°C depending on the

respective zones throughout the whole extruder.

The impact strength of the thermoplastic composition is measured

30 in accordance with the norm IS0 180-2000. Test specimen are Type
1A.

In the following examples the melt flow index (MVI) of the

polymeric composition is measured in accordance with I50~-1333-2005
35 at 300°C using a 2.16kg load. Samples were prepared.

The MV1 changs is expressed in percentage of change from the

prepared sample at 300° after 25min compared to the value after

émin. As the polymer composition degrades the MV1 value at 25min



The resultant polybutadiene rubber latex (R2) contained 40.3wt% 30solids and had a average particle
size of about 180 nm. Second stage: Polymerization of shell 1 and shell 2 Into a 3.9 litres reactor was
charged 80.75 parts, on a solids basis, of polybutadiéne rubber latex R2, 1.3 parts de-ionized 35
water, and 0.004 parts sodium formaldehyde sulfoxylate. The solution was agitated, purged with
nitrogen, and beatedde 55 When thesolutiopyeached 62, continyously, during; 60 minutes 7.1 part
of styrene, 0,09, pﬁxgtgiog dcg¥in¥£gerr1égge _%nd 0.03 Qart of t- 20 butyl hydroperoxide are added.
Afterwards the temperature is increased to 75C for 40 finutds. S BARH: Hmixtufe 6FATA pdits
de-ionized water- tF008 4ty Sotldrcforrialdaky 8 Sutfoxytatess beted;theen e6Atintibusly:£0.5 parts
methyl methacrylate, 0.3 5+parts de divinylhenzene and:e:04.parts Hputylhydroperoxide initiator
were added oyer 30, minytes, Thirty, minutes after the previous addition 0.1 parts t-butyl hydroperoxide
were added to the reactor at once, followed by a hold period of 60 minutes. Following the 60-minute
hold period, a stabilization emulsion was 10 added to the graft copolymer latex. The stabilization
emulsion wastprepared by anixing. 5.4 parts-de-ionized waten{based pnr-graft sopelymermass), 0.1
parts sodium;salt.of dedeeyd benzens,sulfanic.acid, 0:1 parts dilaynyl thiodipropionate, and0.24 parts
trlethylenegI)éc%l-lilésLB-(Sp-%t}ébuBilA-hfldrog-S-methylphenéilg- 15prﬁ)?{)|onate]. The resultant core shell
latex (E2) had ah average particle’ $iZ& of aBGUT T80 T, BUfsr solttionTor dajtisting the phebefore the
coagulation 20-A14 2 Iftrés eatibiatediflask ave atided 9453 Na2HRO4 (disodiurehydrogenphosphate)
and 9.06g KH21704: (potassiim dibydragano phosphate)and is completed te, 2 lifres withy,
demineralized.water, Lhe pH is measured at 6.8 (0.066mol/1) 25 Examples of coagulation

Using clorimeter (especlally according to

the ASTM E 308 standard).

1f the initial color is close to zero it is considered that the
15 thermoplastic composition comprising the impact moedifiers of the

invention is acceptable. The b* should not larger then 4.

The colour change 1is observed as a function of time under

different conditions: samples kept at 120°C and samples kept at

90°C and 95% humidity.

20
[Examples]
As commercial products the following product was tested as well:
Paraloid™ EXL2691A is an MBS impact modifier from ROEM and HAAS.
25

Example 1 of a latex according to figure 1

First stage: Polymerization of core

To a 20 litres high-pressure reactor was charged: de-ionized water

116.5 parts, emulsifier potassium salt of beef tallow fatty acid
30 0.lpart, 1,3-butadiens 21.9 parts, t-dedecyl mercaptan 0.1 parts,

end p-menthane hydroperoxide 0.1 parts as an initial kettle

charge, as  outlined below. The solution was heated, with

agitation, to 43°C at which time a redox-based catalyst sclution

was charged (water 4.5 parts, sodium tretrapyrophosphate 0.3
35 parts, ferrous sulfate 0.004 parts and dextrose 0.3 parts),

effectively initiating the polymerization. Then the solution was

further heated to 56°C and held at this temperature for a pericd

of three hours.



In a jacketed vessel of 3 L, equipped with a stirrer is put suc_cessively 500 g of Ia_tex of core-shell
particles from comparative example 1 or example 2 respectlyely and buffer soluthn a_t pH;6.8 for
having a solid content of 14.1%. Under 30 stirring at800 r/min., the heat the solution is raised at 30C
and then injected the solution of salt (16.1 g of magnesium sulphate in 300 mL of demin. water).

: ) - - o d up
Coagulation caeuks Viesy rapidly: Aftepd Somin; af 306, under,stirring, ’theaterggecr)at re is increase
to 8(2)}J C and rggg}t&énqq ;ogfurthgr SgDmir%._%t theizs 35 temperature.OThen is cooled %Jown t6 40 C. The
pH is measured and adjusted] if necessary with aqueBis Sofiticn Cof NaZHPO4 AP0 B66rAGTL for

being betwedtl' 6 &t 75 Fhe Sty i fitFated &n r 28 Buehrier paperdiltetancthe powdet is
recovered. The powdet:is, putrinla verditated uan during A48 h.at §eCand.recoyered after complete

[ ' : [ i justi he end. 5 Example 2 is
drying. 5 Caompargtiye Exay goagulation \é\@thoutp adjysting at he er 2 _
co);gglated with@mag ngglizumgs],egjlgﬁ%% wi%hgslljt adju Str)nen"tn}c_)cl} pl%ﬁ%lﬁgﬁﬁﬁrvaﬁfélmmtﬁﬁueéﬁs solution

of Na2HPO4 5fter e6aguIEHBRD® T *E dmpArdtive Example 2 adjesting pusy: Na@Haftergeagulation -
10 Example 2igitbaduated Wiﬂ@lﬂlagttmgiumf&ijlphat@mmg pkkis adpisted with a_q;g)%%él_solutlon of
sodium hydr@ﬂgl@t@\&aQH);Hgsteggngﬁg_lgzy PO4 after ggggué%t(ljonr 'QI;QQCI% %F-tre%%\ge%%? C%JJR% ons k_)ym
coagulation Gaaqualing agent pH AClieienlaLie Sd 1o Potal Neuial P SXable 1 Magnesiu
Su”aEiNP Thirteen hours after polymerization initiation, the solution was

heated to 68° C and allowed to react until at least twenty hours

had elapsed since pelymerization initiation, producing
polybutadiene rubber latex, RI.

The resultant polybutadiene rubber latex (Rl}) contained 38% solids

15 and had a average particle size of about 170 nm.

Second stage: Polymerization of shell 1 {outer shell)
Into a 3.9 litres reactor was charged 75.0 parts, on a solids
basis, of polybutadiene rubber latex Rl, 37.% parts de-ionized
20 water, and 0.1 parts sodium formaldehyde sulfoxylate. The solution
was agitated, purged with nitrogen, and heated to 77°C. When the
solution reached 77°C, a mixture of 22.6 parts methyl
methacrylate, 1.1 parts ethyl acrylate, 1.4 parts divinyl benzene
and 0.1 parts t-butyl hydroperoxide initiator was continucusly
25 added over 70 minutes, followed by a hold period of 80 minutes.
Thirty minutes after the onset of the hold period, 0.1 parts of
sodium formaldehyde sulfoxylate and 0.1 parts t-butyl
hydroperoxide were added to the reactor ar once.
Following the 80-minute hold period, a stabilization emulsion was
30 added to the graft copolymer latex. The stabilization emulsicn was
prepared by mixing 5.4 parts de-ionized water (based on graft
copolymer mass), 0.1 parts dedecyl benzene sulfonic acid, 0.1
parts dilauryl thiodipropicnate, and 0.24 parts triethyleneglycol-
bis[3—(3mt—butylwé—hydroxy—S—methylphenyl)—propionate].
35 The resultant core shell latex (E2) had a average particle size of

about 180 nm.



According to example 6 0ofW02006/057777 Diluted Sulfuric acid. No Comparative Example 3
Magnesium sulfate No Comparative example 4 Magnesium sulfate Yes,with diluted NaOH Example 2
Magnesium sulfate Yes,with Na2HPO4 solution Talfle 2 - optical properties expressed by b* of impact
modified PC composition b* initial
Example 2 (according to the invention) of a latex according to
figure 2b
First stage: Polymerization of core 1 and core 2
To a 20 litres high-pressure reactor was charged: de-ionized water
5 116¢.5 parts, emulsifier sodium salt of dodecyl benzene sulfonic
acid 0.1 parts, 1,3-butadiene 20 parts, t-dodecyl mercaptan 0.1
parts, and p-menthane hydroperoxide 0.1 parts as an initial
charge. The soluticn was heated, with agitation, tc 43°C at which
time a redox-based catalyst solution was charged (water 4.3 parts,
10 sodium tretrapyrophosphate 0.3 parts, ferrous sulfate 0.0C4parts
and dextrose 0.3 parts), effectively initiating the
polymerization. Then the solution was further heated to 56°C and
held at this temperature for a period of three hours.
Three hours after polymerization initiation, a second monomer
i5 charge (71 parts BD, t-dodecyl mercaptan 0.2 parts), additional
emulsifier and reductant charge {de-lonized water 30.4 parts,
emulsifier sodium salt of dodecyl benzene sulfonic acid 0.9 parts,
dextrose 0.5 partsg) and additional initiator {(p~menthane
hydroperoxide (.8 parts) were continuously added over eight hours.
20 Following the completion of the second monomer additicon, the
remaining emulsifier and reductant charge plus initiator was
centinuously added over an additional five hours.
Thirteen hours after polymerization initiation, the solution was
heated to 68° (, additional initiator (p-menthane hydroperoxide
25 0.09 parts) and Styrene (0.9 parts) were continously added during
additional 3 hours, and allowed to react until at least Lwanty
hours had elapsed since polymerization initiation, producing
butadiene corel~BD/ST gradient core? latex (R2).
The resultant polybutadiene rubber latex (R2) contained 40.3wtd

30 solids and had a average particle size of about 180 nm.

Second stage: Polymerization of shell 1 and shell 2

Into a 3.9 litres reactor was charged 80.75 parts, o©on a solids

basis, of polybutadiene rubber latex RZ, 1.3 parts de-ionized
35 water, and 0(.004 parts sodium formaldehyde suifoxylate. The

soluticn was agitated, purged with nitrogen, and heated to 55°C.

When the solution reached 62°C, continuously during 60 minutes 7.1

part of styrene, (.05 parts of divinyl benzene and (.03 part of t-



b*after4 days at 120C Example 1 -1,1 5,7 Accordingtoexample 6 ofW02006/057777 -1.9 5.7
Comparative Example 3 -1.2 18.7 Comparative example 4 -0.5 29.0 Example 2 -2.4 2.3 22
20

10

15

20

30

35

butyl hydroperoxide are added. Afterwards the temperature is
increased to 75°C for 40 minutes. In batch, a mixture of 1.4 parts
de-ionized water, 0.003 parts sodium formaldehyde sulfoxylate is
added, then continuously 10.5 parts methyl methacrylate, .13
parts de divinyl benzene and 0.04 parts t-butyl hydroperoxide
initiator were added over 30 minutes. Thirty minutes after the
previous addition 0.1 parts t-butyl hydroperoxide were added to

the reactor at once, followed by a held period of 60 minutes.

Following the 60-minute hold period, & stabilization emulsion was
added to the graft copolymer latex. The stabilization emulsion Was
prepared by mixing 5.4 parts de-ionized water (based on graft
copclymer mass), 0.1 parts sodium salt of dodecyl benzene sulfonic
acid, 0.1 parts dilauryl thiodipropionate, and 0.24 parts
triethyleneglycolwbis[3—{3~t—butyl—4~hydroxy—5mmethylphenyl)—

propionate].

The resultant core shell latex (E2) had an avearage particle size

¢f about 190 nm.

Buffer solution for adjusting the PH before the coagulation

In & 2 litres calibrated flask are added 9.45g Na,HPO, {(disodium
hydrogenc phosphate) and 9.06g KH.PO, (potassium dihydrogeno
phosphate) and is completed to 2 litres with demineralized water.

The pH is measured at 6.8 (0.066mol/1)

Examples of coagulation

In a 3Jjacketed wvessel of 3 L, equipped with a stirrer is put

successively 500 g of latex of core-shell particles from
comparative example 1 or example 2 respectively and buffer
soluticn at pH=6.8 for having a solid content of 14.1%. Under

stirring at 300 r/min., the heat the solution is raised at 30°C
and then injected the solution of szlt (16.1 g of magnesium
sulphate in 300 mL of demin. water). Cosgulation occurs very
rapidly. After 15 min., at 30°C under stirring, the temperature is
increased up to 80 °C and maintained for further 30 min. at this
temperature. Then is cooled down to 40 °C. The PH is measured and
adjusted 1f necessary with agueous solution, of NaZHPC4 at

0.066mol/1 for being between 6 and 7.5. The slurry is filtrated on



It can be seen from the examples, that with the process described by the present invention, it's _
possible to achieve modified PC with good initial b* and keeping low b* valugs versus time after aging
at 120C. 5 With comparative example 3, it can be s&én that if final pH value is not cor]trplled and
adjusted at neutral pH, the initial b* can be acceptable but the evolution of the colour is increasing

ithrtime than [ iti f the present invention. 10
much faster withrtime theqaroducts made ac gr%@g to the conditio SO e _ \
With comparative example 4, it can be seen that}(i;f final pH Value 18 controlled AhdPdfisted &t neutral

pH, but with & non adéquate aletrolyte” Hitid ' edn be dccaptable birdhe evotgtion of fhexcolour is
inc’reasing mtehPfester With-time than the products made 15 according to the conditions of the present

invention. Tahiend: -dzaddmpagksteength.ofimpact modified polycay bgé‘f‘&%%%‘;g?foeg 2 aggp;gtg

strength23C;[kiim21at -20C Example 1.39.4 16.6 Accordingtoexample 6 0 6/057777 43. :
C with BwtSs EXL 36014 365 45a 2000 . th R3gries um Sulphate without adustment

i of pE to neutral value with aqueous solution of Na2HPO4 afrer

coagulation.

Comparative Example 4: adjusting pH by NaCH after ccagulation -
10 Example 2 1is coagulated with magnesium sulphate and the pH is
adjusted with agueous sclution of sodium hydroxide (NaCH) instead

of Na2HPO4 after coagulation.

Table I ~ recovering conditions by coagulation

Coagulating agent pH adjustment at the
end to obtain neutral
pH
Example 1 Magnesium sulfate No
According to example Diluted Suifuric No
& of WOR006/057777 acid,
Comparative Exampls 3 Magnesium sulfate No
Magnesium sulfate Yes, with diluted
Comparative example 4
NaOH
Magnesium sulfate Yeg, with Na2HPO4
Example 2
sclution

15

Table 2 - optical properties expressed by b* of impact modified PC

composition

b* initial b* after 4

days at 120°C

Example 1 ~-1,1 5,7
According to example -1.9 5.7
& of WO2006/057777

Comparative Exampls 3 -1.2 8.7
Comparative example 4 -0.5 29.0

Example 2 ~2.4 2.3




Example 2 35.3 17.4 20It can be seen from the examples in table 3, that with the process described
by the present invention, it's possible to achieve madified PC with good impact resistance at room
temperature and at low temperature. 23 Table 4- Bélta MVI of impact modified polycarbonate
composition Delta MVI(%) PC(withoutcore impact modifier) shell 18.2 Example 1 15.4 According to
example It can be seen from the examples, that with the process described

by the present inventicn, it’s possible to achieve modified PC
with good initial b* and keeping low b* values versus time after
aging at 120°C,

5 With comparative example 3, it can be seen that if final pH wvalue
is not controlled and adjusted at neutral pH, the initial b* can
be acceptable but the evolution of the colour is increasing much
faster with time than the products made according to the

conditions of the present invention.

With comparative example 4, it can be seen that if final pH value
is contreolled and adjusted at neutral pH, but with a non adeqguate
electrelyte, initial b* can be acceptable but the evolution of the
colour 1s increasing much faster with time than the products made

15 according to the conditions of the present invention.

Table 3 =~ Izod Impact strength of impact modified polycarbonate
composition
1Z0OD impact strength [kj/m2] at

23°¢C -20°C
Example 1 38.4 16.6
Lecording to  example 43.8 23.9
& of W02006/037777
PC with Bwt% EXL2691A 36.2 8.2
Example 2 35.3 i7.4

20 It can be seen from the examples in table 3, that with the process
described by the present invention, it’s possible to achieve
medified PC with good impact resistance at room temperature and at

low temperature.



W020066057777 6 of 14.2 Comparative Example 3 14.8 Comparative example 4 34.6 Example 2 0.3
It can be seen from the examples in table 4 that with the 5 structure and process described by the
present invention, it's possible to achieve modified P with good impact resi'stance and without
degradation of its MVI versus time in contrary to PC modified with comparative products not recovered
under the operating process conditions of the present invention. 10 The figures 1 to 3 are examples for
core-shell structures Figure 1 : Core-shell particle consisting of a core and one shell Figure 2 a:
Core-shell parficte constitirig df'4 cofe aripthreecEsshelis ahévgradient shelt carrbe shell 1 or shell 2

Delta MVI (%)

PC (withoutr core shell 18.2

impact modifier)

Example 1 15.4
According to example & of 14.2
WOZ006/057777

Comparative Example 3 14.8
Comparative example 4 34.6
Example 2 0.3

It can be seen from the examples in table 4 that with the
5 structure and process described by the present invention, it's
possible to achieve modified PC with good impact resistance and
without degradation of its MVI versus time in contrary to PBC
modified with comparative products not recovered under the

operating process conditions of the present invention.
10

The figures 1 to 3 are examples for core-shell structures
Figure 1 : Core-shell particle consisting of a core and one shell
Figure 2 a: Core-shell particle consisting of a core and three

15 shells, the gradient shell can be shell 1 or shell 2
Figure 2z b: Core-shell particle consisting of a corel and three
layers core 2, shell 1 and shell2, the gradient shells are core 1
and shell 2
Figure 3 : Core-~shell particle censisting of & core and two

20 shells, the gradient shell is shell 1



Figure 2 b: Core-shell particle consisting of a corel and three layers core 2, shell 1 and shel12, the
gradient shells are core 1 and shell 2 Figure 3 : Core-shell particle consisting of a core and two
20shells, the gradient shell is shell 1 24 Claims 1. Process for producing an impact modifier
comprising fggov,ving steps 5a) synthesis of a core shell copolymer latex by emulsion polymerization b)

control and a jﬁ%‘ﬂﬁg of pH value of the core shell polymer particle after the synthesis step C)

coagulation of the core shell polymer at a pH between 4 10and 8 by addition of an aqueous electrolyte

solution 2Pracess accrding,to elaia.L wherein the pH of the latex of the caresshell.eepglymer particle
before the coagulation step is between 4 and 7.5. 15 3Process according to any of claims 1 or 2

wherein the pH of the'latex of the core shell copolymer particle before the coagulation step is between
6 and 7°204.Proceds atedfditeid ahy of chiins 1t Blwiserei ine pH ofithe coagafatibhistep c) is
between 6 and 7. 5Progessaceordingsto any of claims 1 to 4 wherein the pH value

b) control and adjusting of pH wvalue of the core shell
polymer particle after the synthesis step
ci coagulation of the core shell polymer at a pH between 4

10 and 8 by addition of an agueous electrolyte solution

2. Process according teo claim 1 wherein the pH of the latex of
‘the core-shell copolymer particle before the coagulation step
is between 4 and 7.5.
15
3. Process according to any of claims 1 or 2 wherein the pH of
the latex of the core shell copolymer particle before the

coagulation step is between 6 and 7.

290 4. Process according to any of claims 1 to 3 wherein the pH of

the coagulation step c) is between % and 7.

5. Process according to any of claims 1 teo 4 whereln the pH value
of step b) is at is adiusted by addition of an agueocus buffer

25 solution.

6. Process according to c¢laim 5 wherein the agqueous buffer

solution is an aqgueous phosphate buffer solution.

30 7. Process according tc any c¢f claims 1 to 6 wherein the
electrolyte used for coagulation in step <¢) is magnesium

sulfate

8. Process according to any of claims 1 to 7 comprising an
35 additional step d} after ¢) wherein step d) is adjusting of pH
value of the core shell polymer after the coagulation step

between pH 6 to 7.5.



of step b) is at is adjusted by addition of an aqueous buffer 25solution. 6.Process according to claim 5
wherein the aqueous buffer solution is an aqueous phosphate buffer solution. 307Process according to
any of claims 1 to 6 wherein the electrolyte used fdtdcoagulation in step c) is magnesium sulfate
8.Process according to any of claims 1 to 7 comprising an 35additional step d) after c) wherein step d)
is adjusting of pH value=obthe-corei shell polymetrafterthe congulation step between phid te:7.5. 25 9.

Process according.te claism &wherejnie adiusting ofahe.pH of tep d)is roade by, an aguequs

electrolyte solutionfchosen from inorganiclsalts_; preferably among phosphates and sulfates anions
and among sodium; Botassint Magne&tmtaind FEELRHATHionTERd advaRtERalFomdgnesium
sulfate, calcium suffaté 2disodiurdnrdragencpiosphatel and. patassiasi dihydregenephospiate or
mixturesztherof. 10:zA ¢hermoplastic, polyimar campasitioncpmprising 104).08e thermpplastic polymer
B) a core-shell im%%qcrpglgifigagpg%iged Q}/&ﬂ(&&%ﬁ %crcordin to any of claimds 1t09.11.A

thermoplastic polymer composition comprising accor |ngQ[8e_'i é]glsrﬁ Whetéin Oé:?ﬁesﬁr%plastic

polymer is chosen$r&af pORRVARACHIBAER) tPVEY): poigesters atfor example poly (ethylene
terephtalate) (PET) or poly(butylen terephtalate)(PBT)orpolylacticacid(PLA), polystyrene (PS),

pOlycarbOI’lat@@(PppL}QQIMQEEngE?@ polymer composition comprising
190 A) one thermoplastic polymer
B) a core-shell impact modifier obtained by a process

according to any of claims 1 to 9.

11. A thermoplastic polymer composition comprising according to

15 claim 10, wherein the thermoplastic polymer is chosen from
poly(vinyl chloride) (PVC), polyesters as for example

‘poly (ethylens terephtalate} (PET) or poly{butylen
terephtalate) (PBT)or polylactic acid {PLAY},
polystyrene (PS), polycarbonates (PC), polyethylene,

20 poly (ﬁethyl methacrylate)s ; (meth)acrylic
copelymers, thermcplastic poly{methyl methacrylate-co-
ethylacrylates), poly(alkylene-terephtalates), poly
vinylidene fluoride ; les poly(vinylidenchloride),
polyoxymethylen (POM} , semi-crystalline polyamides,

25 amorphous polyamides, semi-crystalline copolyamides,
amorphous copolyamides, polyetheramides,
polyesteramides, copolymers of styrene and

acrylonitrile (SAN), or their mixtures.

3¢ 12. A thermoplastic polymer compesition comprising according to
claeim 10, wherein the thermoplastic polymer is chosen from
polycarbonate (PC) and/or polyester {PET or PBT) or PC or
polyester alloys. '

35 13. A thermoplastic pelymer composition comprising according to
any of claims 10 to 12, wherein core-shell impact modifier
comprises a polymeric core and at least two polymeric layers,

each layer with a different polymer composition, wherein at



20 poly (methyl methacrylate)s (meth)acrylic copolymers, thermoplastic poly(methyl
methacrylate-coethylacrylates), poly(alkylene-terephtalates), poly
vinylidenefluoride,lespoly(vinylidenchloride), polyoX¢methylen (PON)) , semi-crystallinepolyamides,
25amorphous polyamides,semi-crystalline copolyamides, amorphouscopolyamides,polyetheramides,
polyesteramides, tdpdlynfdt8ofsiy+eneant aénisritrik IBANY BT tHeir PRIXIUES. 30BZ. Athermoplastic
polymer compostioadcemprisingsaccording to claim 10, wherein the thermoplastic polymer is chosen
from polycarbonate (PC) and/or polyester (PET or PET) or PC or polyester alloys. 3513. A
thermoplastic polymer composition comprising according to any of claims 10 to 12, wherein core-shell
impact modiﬁéﬁ‘ C%mb?%’é@og Polyriferie eéndcéﬂ%%?tqf\hfirboﬁﬁﬁ%?ibslé’?/‘érs?‘é‘é‘aﬁ%ﬁ}gr with a
different®polymercdamposifion, weergin abr26 leastoneigolyimesc layer eompiisesa polymee that is a

gradient polymer: 14=A thepuoplastic peluner.cempasitioncamprising, ageerding 10,5 clainy,13,
wherein one poly %ﬂc I%ggr iscgrpolym%ré%gore Ia\(ﬁr ﬁ'gge_core Ia]}/gr vyith a different ngmer
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composition thenthe core, whérein' polymeric coré layer compriSes a potymer that is a gradient

polymer. 1015. APthEffifaplastie polymereéemfpusitien eithprising according to claim 13, wherein at
least one polymeric core layer and at least two polymeric shell layers, the core layer with a different

composition hen,the polymeric.core and the shell Javers, wherein, the. Rolymeric care: layer,gomprises

a polymer 15 that is a gradient polymer; and each shell layer with a differént polymer composition,

wherein at least 6r8 Pblyimerid’ SRef 18y et cohipriSesd poly el fatis &°gfadighfPolyier. 6. A
thermoplastic pobsaert conyosiiorveemprisingeddcordingte, the core layer with a
: different composition then the polymeric core and the shell
layers, wherein the polymeric core layer comprises a polymer
15 that 1is a gradient polymer; and each shell layer with a
different polymer composition, wherein at least one polymeric

shell layer comprises a polymer that is a gradient polymer.

16. A thermoplastic polymer compesition comprising according to
20 any of «claims 13 to 14, wherein the glass transition

temperature of the polymeric core is under 0°C.

17. A thermcoplastic polymer composition comprising according to
ahy of c¢laims 13 to 16, wherein the glass transition

25 temperature of the polymeric core is under -40°C.

18. A thermoplastic polymer composition comprising according to
any of c¢laims 13 to 17, wherein the glass transition
temperature of the polymeric core is between -80°C and -40°C.

30

19. A thermoplastic polymer composition comprising according to

any of claims 13 to 18, wherein the polymeric core comprises

polybutadiene.

35 20. A thermoplastic polymer composition comprising according to
any of claims 13 to 18, wherein polymeric core layer comprises

butadiene and styrene.



20any of claims 13 to 14, wherein the glass transition temperature of the polymeric core is under OC.
17. A thermoplastic polymer composition comprisigg according to any of claims 13 to 16, wherein the
glass transition 25temperature of the polymeric core is under -40C. 18. A thermoplastic polymer
composition comprising according to any of claims 13 to 17, wherein the glass transition temperature
of the polyméfic Goré & BEtRestt 180 ahdre40CC BP9 Al rrRopRIStELpEly MeF Tonpasitich
comprising accorgiyg tecaryl efictaims 113t0218, whensin thecpelymerigneote camprises. peohtutadiene.
35 20. A thermoplagtic palymer.eQmposition comprising according to any of claims 13 to 19, wherein
polymeric core layer comprises butadiene and styrene. 27 21. A thermoplastic polymer composition
comprising according to any of claims 13 to 20, wherein the polymeric shell layers comprises
methylmethattylate thoongk thetrhoplasticpolymeneosmpdsitiorccomprising aecordidgne any of claims
13 to 21, wherein the gradient;pRlymer gomprises shieNehe gradient polymer comprises

styrene.



