New core shell particle multistage polymer powder, its manufacturing process and composition
comprising it 5 [Field of the invention] The present invention relates to new impact modifiers and a
process for making these new impact modifiers and their use in polymeric compositions. More
particularly the present invention.relates to.a hew palymeric impactmodifier with a core-shell
Ostruciure madiey AT S A0E Lo o L s (ot AT A B S AE5 AR polymer
The present invenmamnefatetwasingl| tore pecce ssrpiepanpEpsudii am inpeREeiwiifer idspecially its of
the polymerization. 15 The present invention comprising the new impact modifier. [Technical problem]
Impact modifiers are widely used to improve the impact strength 20 for thermoplastics and thermosets
with the aim to compensate their inherent brittleness or the embrittlement that occurs at ambient or
sub zerp tenpesalres, RatehissrsiYiby: And crack propagation. So an impact modified polymer is a
polymeric material whose impact resistance and toughness have been increa %d. b¥ the ingorporation
25 of micro HoPaiE5rA Fub Ié"rff/3 %&T%?ial.%ﬁ%ﬁ%susutéﬂly §6he difs the TitFdddcich of Sub °
microscopicerubbes paktictesnintd the pblyreermatrixthattanmaldddrbethe impactiémergy eFaissipate it.
One possibifity is 4o introduce the rubber pajticles i farm af goreyshellpagticles  These.corershell

particles that possess very 30 generally a rubber core and a polymeric shell, having the advantage of

a proper pafticté &7 of therullit cBre-BiditectivetsiighefiRg and the ‘brafted’shel T oFdEr fo have
the adhesiontand:-tompatibility With thentherimoplast omiatnix. 3% Theoperforprance ofthierinspact

modification,is a fungtiqn, of ?ﬁ@%qgegéizygﬂ&specially of the rubber part of the particle, and its
guantity. There is an optimal average particle size in order. 2 to have the highest impact stren%th for a

given quantity of BEGRG impdttThbdier parfidies, @ welt to a procesS preparing suc

an impact modifier, especially its recovery process after the end
of the polymerization.
15 The present invention also relates to a thermoplastic compoesition

comprising the new impact modifier.

[Technical problem]
Impact modifiers are widely used to improve the impact strength
20 for thermoplastics and thermosets with the aim to compensate their
inherent brittleness or the embrittlement that occurs at ambient
or sub zero temperatures, notch sensitivity and crack propagation.
So an impact modified polymer is a polymeric material whese impact
resistance and toughness have been increased by the incecrporation
25 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.
One possibility is to introduce the rubber particles in form of
core-shell particles. These core-shell particles that possess very
30 generally a rubber core and a polymeric shell, having the
advantage of a proper particle size of the rubber core for
effective toughening and the g¢grafted shell in order to have the

acdhesion and compatibility with the thermoplastic matrix.

35 The performance of the impact modification is a function of the
particles size, especially of the rubber part cof the particle, and

its qguantity. There is an optimal average particle size in order



These primary impact modifier particles are usually added in form 5 of powder particles particles. the
powder particles, regained and 10thermoplastic impact modifier particles are homogenously, in the
While the patrticle size of the impact modifier particles is in the range of nanometers, the range of the

agglomerated powder,partigles isn the range of micromelers. 15 Aqglgmetation dyring the fecovery
can be obtaine %y several pr%cesses, &S Yor example, spray dryiﬁg, coaéqu atlon of freeze grrylng or
combinatiori 8P8ptayrdfiifdgend eshdaleion techniques. It is important to have a powder that has
good flow ability and 20 does not generate dust. The generation of dust depends largely on the particle

size distribygion of a powder. Dust is especially generated. from the small particl resent in the
sample. Duus£ seﬁggula%lem g\l;gidleﬁépfac)?%atrpéésjt%\/gogr ‘aas%%nls(:: o(ﬁﬁleaaﬁ% rue%%%%gyana(% S?]C)%dav%?di%arg ust’
explosidns. 25 A poditer With-has ¢slafge porion bf EbarsepéwelefldFthicothef haRtl, IBTBPE difficult

to introducegn.thenalymei-mattix andto ragengsatedtherintiahimpactmedifisrparticles-hemaegenously
distributed in.aid matrix. 301Lis, as well, Impariapt {0 haye an impact modiier powdey hat,jag no
negative infllience on the ermgplasﬁc poTymer. As negative influence: it is understood, for example
the color statiility pthiecvermak Stabllity; thehsydralysisrstaifityesfthesiérmeplastic polytér éoimprising
the impact mediies - aither on 38functionofdbe, time, ok the tempearatuie s athudll thesainfiugnces
mightloccurt ue to the atr:chitectlére of Ehe core-shell but more particularly the impurities and side
producps emp 8%“8}3 uariﬁ’ngl%é“%yﬁtlhleaslsl and treatment of the impact modifier 3 powder. Usually, there
is no speciatpltification stap of the srhpact ddiffled jascd sepdidticr oPsalid versust kquid. Therefore

more or less ijppertagtquantities of agy chenaicak-compound (impurities; py-peadicis) emplayed are

still incorporated L .
particles is in the range c¢f micrometers.

15 Agglomeration during the recovery can be obtained by several
processes, as for example, spray drying, coagulation or freeze

drying cor combination of spray drying and coagulation technigues.

I+ is important to have a powder that has good flow ability and

20 does not generate dust. The generation of dust depends largely on
the particle size distribution o¢f a powder. Dust is especially
generated from the small particles present in the sample. Dust
should be avoided for at least two reasons: for health reasons and
for avoiding dust explosions.

25 A powder with has a large portion of coarse powder, on the other
hand, is more difficult to introduce in the polymer matrix and to
regenerate the initial impact modifier particles homogenously

distributed in said matrix.

30 It is, as well, important to have an impact modifier powder that
has no negative influence on the thermoplastic polymer. As
negative influence, it is understood, for example the color
stability, the thermal stability, the hydrolysis stability of the
thermoplastic polymer comprising the impact modifier, either on

35 function of the time or the temperature or both.

A1l these influences might occuy 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 modifier



5 in the impact modifier. These chemical compounds should not influence the thermoplastic material in
a major way as for example degradation of optical arsd/or mechanical and/or rheological properties
with time and/or temperature and/or hygrometry. It is also, as well important, to separate the impact
modifier 10 from, the regctioglmedi;cjﬂw in the easiest way, m anin? e sen}}_’iall}/1 the use of gesghof
resources a8 Possible."AS Fesdureds BaR bésedh eqlipmeént ifvalved, €nerdy, and more generally
utilities and anyaroductstifS®@ne objeetive af theirveritiorris to bbtainian aggtewiesatedimmpact
modifier powderthathas an.average padicle size inthe range at mictometars a snallratie: ebfine
power and a small ratio of coarse, powder. 20 Another ob;gzo&ive of the inventﬁn is a process t%
prepare an SG5RMEAtedTRpaEt HisaifidY potvderthat nBSRr §5ratfeparticte si/e i the Fange of
micrometers.a sma# rafiorefdine powieriand a shalsatiotofrcbarse powden 25Stilsanother alsjéctive of

the invention is {o prepare.a agglomeraied impagtmodifierpowderwith 3,yglume ayerageparticle
diameter smaller then 500pm, while the amount of small particles (having average particle diameter

smaller tharf' 8855 s §Mall8F thatFs $82 prefratly WitH"gT ARiotitof SRaH Particies $ndisi®30than 2
%. The valuerofthethiclame avetage parnticlerssizemiene isinet sufficienthagitimetudes no information

about the patticle size distribution..Therefore other values asthe value at.certain cumpative o r
percentages are needed in order to have information 35 concerning the distribution. 4 maodifier and

separaft it fiomthé Feadtiatf MedumrMtiBut-furth®? pERARMTS and TnetatBARPWAERFY SRpsY
Objective oftthe ingentidn is:te reduce wastewwates andscuittdevn Atilities cespecialiy eneegypeest and

capital inVe%qlﬁrﬁrIQFé eguipment involyed i the.separation, A luther objective of the jnveption is to
have thermoplastic composition containing an impact modifier that has a good compromise between
all the propétfis€ bt thie impact modified 10 thermoplastic polymer as having high impact strength,
while not reducing the viscosity of the polymer composition and color change at elevated

temperaturesydue tg.the.influence: of impurities.or byzproducts Used dyring the prgratation,ettpe
impact modifier. 15 [BACKGROUND OF THE INVENTION] Prior art _ i ,
impact modifier powder that has an &average particle size in the
range of micrometers a small ratic of fine power and a small ratio

cf coarse powder.

20 Another objective of the invention 1s a process to prepare an
agglomerated impact modifier powder that has an average particle
size in the range of micrometers a small ratio of fine power and a

small ratio of coarse powder.

25 5till ancother objective of the dinvention is to prepare a
agglomerated impact modifier powder with a volume average particle
diameter smaller then 500pm, while the amount of small particles
{having average particle diameter smaller than 20 um) is smaller
than 5 %, preferably with an amount of small particles smaller

30 than 2 %.

The wvalue of the volume average particle size alone is not
sufficient, as it includes no informaticn about the particle sirze
distribution. Therefore other values as the value at certain
cumulative percentages are needed in order to have information

35 concerning the distribution.

A still further objective of the invention 1s to have a fast,

simple, efficient and ecconomical process to synthesize the impact



Synthesis of core shell impact modifiers and the coagulation of latexes are well known in state of the
art. 20The document US 5,534,594 describes the syithesis of butadiene based core shell impact
modifiers. The cited preferred isolation methods after synthesis are spray drying or coagulation, but no
details are given;.neither on the methods,nor on t h istics ; rs. 25 ument
U 5,514 705 e S et T ot e A e Mg mcludes
two coagulatibhistepad congultiifa lafey o e paR e B¥e latex containing a sulfuric acid ester
series and/@isufanicacigksanies anipsic 3Orsurfacecactiveagents,swith en-acid 4aancarmodntof the
polymer of 40 {q 80,weioht percent g1 g first coggulation step, and.then. biinging caguiation g,
completion with“an acid or saft at a second coagulation step. A powder with a sharp particle size
distribution BEBBEINTEd. THE process desefibedrihvéied¥our 35 vessels and the pH is always below 3.
5 completion of the coagulation at a pH<2, in order to obtain a spherical powder without fine particles.
This slow cqagulation is achieved,due to_addition of salt in diluted concentrations meaning.a large
amount of v%ate%] e doOCLPr%gEtl E?’05§26 edejéréﬁﬁgtglaogoré-séhe Fin?f)aé%? m%%ﬁ‘f:énrloc%r%ps)%é%ion
comprising antintesirietiate serlepsteige of an crogslinked atkylidcrylate WidtdertdSobtain &peivder

with an averagg-sisrysparticle size,smaller then 3004picrens aftey£10 eeagulatier.-However ke

information about the ratjo of fine particles is,given the average particle size is, given only. Additionally
no inflﬁ((gencetcgffe t]ﬁﬁéof?ilﬁé’étlr%ogi?%?%%rthg Schzl?ragcjigﬁsﬁé:égc?f tr%é“ }ggﬁ%pog%é%nggn be found.
15W02006/057P71 testhibesthexsytihiesis oficoracshslENBS Paficlés by emdlsion gfafthange

polymerizatigp. Thepolywmer pagiclas are £oagulatad,with sulfuria asid-and turthesneated 4ipde 85C.
WO 2009/126@37descrjtbesfungti%nal,MBSt'%npact mogg'eir% goo%yQ gsilzzgdabyé amrggit%sfg e emulsion
polymerizatidh At thE rdl the feaction thixture obtained is coagulated in 6rder to separate the
polymer. The coagulating treatment is performed by bringing into contact the reaction mixture with a
saline’solution (calcium chloride or aluminium chloride - CaC12 or A1C12) or a solution 25 acidified
with concentBREERATNR £&fa T (HEFR SENAr & 165 fiftFation, the solid product resulting from the
coagulating sthetselid praductdhendeing washed andidriee to garelatgraftccepolyateras ajpowder. 30

W02009/11§114descrihesapimpagimasifiedpelycarbonatg composition with a good combination of
color, hydrolysis and melt stability. The rubber core is based on polybutadiene. For the preparation of -

the graft rubber polymer salts of fatty acids, especially of carboxylic acids are used. The yellow index
of the 35 comtpositions:given as206C Bigbie inportant29 orwgheynthesis of butadiene

based core shell impact modifiers. The cited preferred isolation
methods after synthesis are spray drying or ceagulation, but no
detalils are given; neither on the methods nox on the
characteristics cof the powders.

25
The document US 5,514,772 describes a method for producing powdery
and granular polymers. The method includes two coagulation steps:
coagulating a latex of the polymer, the latex containing a
sulfuric acid ester series and/or sulfonic acid series anionic

30 surface active agents, with an acid to an amount of the polymer of
40 to 80 weight percent at a first coagulation step, and then
bringing coagulaticn to cempletion with an acid or salt at a
second coagulation step. A powder with a sharp particle size
distribution 1is obtained. The process described involves four

35 vessels and the pH is always below 3.

The document US 4,897,462 describes a slow coagulation process in

a pH range from 2 to 6 during the coagulation, followed by a fast



6 from components that degrade the thermoplastic polymer in that case polycarbonate. Therefore such
components are omitted during the synthesis. More generally in order to increase the thermal stability
of the impact modified polycarbonate any basic compound 5 has to be avoided during the synthesis of

the impact mogifier. 15 especially nsisiect gn.fhe use ofa qertain clgss.of sufagiants duin the
emulsion polymerization, especially sulfate- and sulfonate- containing surfactants. 10 All prior art is
silent about H'§radient poyATer i theIripakt Plodifier afd HenefallyP siferitvabsit dHé Parfidle size
distribution at-the-agglomerated impact saodifiek patticlas and.especiat-the: fine condenkinngennection
with the recquery, %ré isgzlnac;[j%r]cp(r&c%sasfce)fr the powder after the synthesis especially its pH and choice of
15 electrolyte and the performance of such an impact modifier in a thermoplastic composition. [Brief
description of the invention] ~ Surprisingly it has been discovered that the structure of the 20core-shell
impact modifies is of dmpartance(paticularlydaying.as internediate shell thateontains-a gradient
polymer. Surprisingly it has alsg been discoyered that the pil value during the precipitation
agglomeration ﬁep IS Important for'the 25 coagulation and the performance o tﬁe product in the
thermoplastie- fesin 1t vt B vibt SEffigietitto have atertalPpH fdethe finaPprotiict, 'biit'alraddy
respect a certaingad dwing-the recovery siepsThe natuse 0k the spegies (ritheriacidicsor basig} used to
contro} he pHis,alsa important for the 30 performance of the prodyct n,fhe thermoplagtic gesin. It has
also been found that a compromise in choosing the conditions during the syn?ﬁesis an aggjromeration
yields to a bettet pekformartice f the inipect mvaiffst:thédioplastc reskr 35 8spetiatly a Yoo
compromiseshatween impact strength.ryelowing and hydielysismaadimelistability- 7 Tae inveation will
be more clea[llx unc erstood. onre dénr%the foIIowinJg %etgiled desggigrtli%n, from the non-limiting

o £ . - ;
examples of embodiments thereo etalled Sdéscﬁptloﬁ ‘of }fﬁe vention] In a first aspect, the

present invention relates to an impact modifier in form of a core-shell copolymer impact modifier

particlecompsising aopolymerie-cre;aad atleast jwerRalymete layars- eash laygrawvith adiffesent
Palymer composiion A1ISTeMI0 At 13219 PPIITSLS IV MISERE POYIA AL 2 gracien

coagulated with sulfuric acid and further heated up to 85°C.

WO 2009/126637 describes functional MBS impact modifiers
20 synthesized by a multistage emulsicn polymerization. At the end
the reaction mixture obtained is cecagulated in order to separate
the polymer. The coagulating treatment is performed by bringing
into contact the reaction mixture with a saline solution {(calcium
chloride or aluminium chloride - CaCl, or AlLCl;) or a socolution
25 acidified with concentrated sulfuric acid and then to separate, by
filtration, the solid product resulting from the cocagulating, the
solid product then being washed and dried to give a graft

copolymer as a powder.

30 WO2009/118114 describes an impact modified polycarbonate
composition with a good combination of color, hydrolysis and melt
stability. The rubber core is based on polybutadiene. For the
preparation of the graft rubber polymer salts cof fatty acids,
especially of carboxylic acids are used. The yellow index of the

35 compositicens given at 206°C is guite important: 20 or higher.

The document EP 0900 827 describes emulsion grafted polymers, and

especially MBS core-shell polymers, which are substantially, free



“In a second aspect the present invention relates to a core shell impact modifier comprising a polymeric
core and at least two 15 polymeric layers, each layegwith a different polymer composition, one
polymeric layer is a polymeric core layer, the core layer with a different polymer composition then the
core, wherelny polymeric. corc laver,compyises g polymer that s radient palymer, 201n aghird aspect,
the present invention relates 16 a core- s &Irlmpact modifier comprising a %oly eric core and at least
one polymefigscor&taysteane at ieast TvDysdigRtericustel Fayersn e toretay SFiithea diffeFéRe
composition:thendheqelymericgore andthe shejl layers, mwhereindhe polynesic eake layet-aamprises
.25 polymer Ml 18 p oragient polumen and gachshelaxeryih & dlfele! Ralymer compasiion
wherein at least one ﬁglymerlc she I[fayer comprises fpol mer that Is a gradient polymer. Another
aspect df theaAvéntids isitel RdVEnF precdss ot Be Tofe Shelt iMpatPaiodifiéiiand te pHvalue
during the regoverystep-and,for the final product. A furthes aspeet ofthedavention is ansinpact
modified therm%plagtic resin goppnositiog comp(erg%&ri% Pgnimpa%t mr%)girf;ll_er at@gct) r§5 hagsa goggll
compromises% WEeh Al the p?oﬁeﬁies oPﬁ‘ne impac modified t}*r rmop?astlc pblymer%schavmﬁ high

impact strerigth{ athile Aotdecreaing fmportaitlythevisessisréfiheSpolymer composition and color

change at elevated temperatures, due to the 8 influence of impurities or by-products,used during the

prepaafion of {he impact modfier._ By the term "bber: as Used is denoted the thermodynamic
state of'5 the polf?mer above its glass fransition. y?ﬂr'}e term ’léﬁf%yl(rﬁe acrylate" as uséd'is denoted

the to both alkgifddsAatenand allgh methaekyiatd. By e tdrhe "copdlymer" asaiset: Btdékratetthat the

polymers cofsists of atjleastiwgdifferant menamers.i 19 By ihe tersgradientpelymert ysedds
denoted a c%ﬁ)ol mer that has gradient in ,regeat ugits arranged from mostly managmer A to mostly
tiol W . the ¢

n n nnec covery oY isolation Process
monomer B al8fig FOSTOF afi"bf the Lopotyiner thain: Y P
of the powder after the synthesis especially its pH and choice of

15 electrolyte and the performance of such an impact modifier in a

thermoplastic composition.

[Brief description of the invention]
Surprisingly it has been discovered that the structure of the
20 core-shell impact modifier is o¢f importance, particularly having

an intermediate shell that contains a gradient polymer.

Surprisingly it has also been discovered that the pH value during
the precipitation agglomeration step is important for the
25 coagulation and the performance of the product in the
thermoplastic resin. It could be not sufficient to have a certain
pH for the final product, but already respect a certain pH during
the recovery step. The nature of the species ({(either acidic or
basic) used to centrol the pH  is  also important for the

30 performance of the product in the thermoplastic resin.

It has also Dpeen found that a compromise in choosing the
conditions during the synthesis and agglomeration yields to a
npetter performance of the impact modified thermoplastic resin,
35 especially a good compromise between impact strength, yellowing

and hydrolysis- and melt stability.



By " multistage polymer " as used is denoted a polymer formed in sequential fashion by a multi-stage
emulsion polymerization 15 process with at least two;stages that are different in composition.
Preferred is a multi-stage emulsion polymerization process in which the first polymer is a first-stage

polymer andjhe second polyme; is,a secopdstage.polymer. k. Jhe.secend polymet is formed by
emulsion polymerization in the presence o Othe first emuilsion pofymer. y the term co e-stheﬁl
polymer as Gi8édd¥ tHehoted alpaiméns hiavintd Strucfuied forexaimplelagshoteh rfgire’s1-85 but not
limited there:tg;od Bythesterm:pasticle 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
"fine particles" is denoted the population of particles below 20pm. By the term "coarse particles" is
denoted the Fissigadied slesBrdiBiEaapdyErmopeBlialerm "powder” as used are denoted
polymer partigles havingta walume-average gdiasaeter ovakim.:By thestesm:parts” as,usaghhetein is
denoted "pargs dl?L %gjght"hUn%%sfsrﬂ othe Wisae sé%tegl'ggteallgartsc b ! el tht da not 35nece s%riilefyradd to
100. By the term 'neutrajpr" as used heréin is‘dénoted a pH from 6.0 to 7.3511.1%(38 :mBofS/ utadiene
PS = Polystyrerie PMMASTPslypiathyitnathacrifatecs Witteregafd ®ttheé oré-shelt copdlnser ¢his is in
the form of fing pasticles having,a rukbarcote andratleast qne thermoplaglicsshelbthe pastielersize
being genera ly less than 1 pm an advanta%g%asiy between 50nm and SPOnm, p{%fg{abl. between

100nm 10 and 4 Sﬁrsrﬁ and mogtoprbél?grléjbﬁy m and %%%Fne,gdvgntgﬁegﬁ“se@ between 170rm and

350nm. Thedegréishiell particie thas preferably more than one shell. At least the outer shell, in contact
with the thermoplastic matrix,

In a second aspect the present invention relates to a core shell
impact modifier comprising a polymeric core and at least two
15 polymeric lavers, each layer with a different polymer compositicn,
one polymeric layer is a polymeric core layer, the core layer with
a different polymer compositicen then the core, wherein polymeric

core layer comprises a polymer that is a gradient polymer.

20 In a third aspect, the present invention relates to a core- shell
impact modifier comprising a polymeric core and at least one
polymeric core layer and at least two polymeric shell lavyers, the
core layer with a different composition then the polymeric core
and the shell layers, wherein the polymeric core layer comprises a

25 polymer that is a gradient polymer; and each shell layer with a
different polymer compositicn, wherein at least one polymeric

shell layer comprises a polymer that is a gradient polymer.

Another aspect of the invention 1s the recovery process of the
30 core shell impact medifier and the pH wvalue during the recovery

step and for the final product.

& further aspect of the invention is an impact modified
thermoplastic resin composition comprising an impact modifier that
35 has a good compromise between all the properties of the impact
modified thermoplastic polymer as having high impact strength,
while not decreasing importantly the wviscosity of the polymer

composition and color change at elevated temperatures, due to the



has a glass transition temperature (Tg) greater then 25C, 15preferably greater then 50C. The
core-shellimpact modifieris prepared by emulsion polymerization. For example a suitable method is a
two-stage polymerization technique in which the core and shell are produced in two sequential

emulsion po%rpﬁrlgaéion sgages.ilf tﬁeaetage 20 more %hgllsraggt er emukllssigg pol}/&%rizatioghséage
follows. The'core-Shéff ratid'is nof | Barlilcujfar?y Iimffed, ﬂt%re%eractb y'in a range in welgnf% between

10/90 and 9OFE@aFFé Prefsrabiy 40166 ahd" 901 basivantageously60/40t090/10and most
advantageously between 70/30 and 85/15. 25 With regard to the core according to the invention, this
is a rubber polymer. The glass transjtion temperature (Tg) of the rubber core is less then 0C,
oreferably 16 et T aauAk o by R fer SO0 S host Aar Rt eatey el then
3025C SPreferablrthevriblidractrelias alglass tamsitién ®emperature between -120C and -10C and

more particiarly hetween -9¢ignd m400 andymore preferably hetweenn80£iandie S0L LBy way of
example, thelrgb?egg(é%rger of the cgre,‘ meg%igg may Q(e; 35 made of isoprene homopolymers or
r

butadiene h%md"polymr S, %%parélﬁe? (tadidhe cocpéiyrahers', copolymers of isoprene with at most 98

wit% of a virgy mbheméer and Copolyhmesrof batadiereiwithsat dsost@8lwtof a Viryl mohomers The

vinyl monomer.may:he styrene, ans A0-alkylstyrene, acrylonirile, an alkyl (meth)acrylate, or butadiene

or isoprene. In a ;areferred embodiment the core is a butadiene homopolymer.
10 By the term “gradienl polymer” used 1is denoted a copolymer that

has gradient in repeat units arranged from mostly monomer A Lo
mostly monomer B along much or all of the copolymer chain.
By « multistage polymer » as used is denoted a poliymer formed in
sequential fashicn by a multi-stage emulsion polymerization
15 process with at least two stages that are different in
compositicn. Preferred is a multi-stage emulsion polymerization
process in which the first polymer is a first-stage polymer and
the second polymer is a second-stage polymer, i.e., the second
polymer is formed by emulsion polymerization in the presence of
20 the first emulsicn 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 to.

By the term “particle size” as used is denoted the volume average
25 diameter of a particle considered as spherical as neasured by

light diffusion using laser spectrometry.

By the term “fine wparticles” is denoted the population of

particles below Z0um.

By the term “coarse particles” 1s denoted the population of
30 particles above 700um.

By the term “powder"” as used are denoted pclymer particles having

a volume average diameter over lum.

By the term “parts” as used herein is denoted “parts by weight”.

Unless otherwise stated, “total parts by weight” do neot
35 necessarily add to 100,

By the term “neutral pH” as used herein is denoted a pH from 6.0

to T7.5.



The core of the core-shell copolymer may be completely or partly 5 crosslinked. All that is required is
to add at least difunctional monomers during the pre@aration of the core; these monomers may be
chosen from poly(meth)acrylic esters of polyols, such as
butanedioldilgmem'gh%acrylateandtrimethylolpropane trimethacrylate. Other multifunctional monomers are,
for example’ T0°divityIBRTZEHE Fivinylbenzene, and triallyl cyanurate. The core can also be
crosslinked By intrBdugiigyirgoat, by grafting or as a comonomer during the polymerization,
unsaturateddyngtiongh manamers. sHeh A anhydrides of unsaturated carboxylic acids, unsaturated
carboxylic acids and unsaturated epoxides. Mention may 15 be made, by way of example, of maleic
anhydride, (meth)acrylic acid and glycidyl methacrylate. The crosslinking may also be carried out by
using th¥e intrinsic reactivity of the monomers, for example the diene monomers. The core can also be

covered by g.£ore MRl -BY COre IV eLs3-&0dRgant gl dhe-pel/mer,gampasition of thag cofe layer has

glass transition temperature (Tg) of less then OC, preferably less then -10C, advantageously less then

-20C and mosTEdVantafetisly fess theh 25 SFhé Tote Taybris pt&fsthbl/ s gradiehtpolyiher. 25 For
preparing thelrebber core withra tidmeteriak50:250mm oftheredreyshék particleadifferent:praceisses

can be used; the growsaut POCESS, e sessed arpw-olqacess.and an-agalomeration progass: The

grow-out process is preferred in order to have a narrower 30 homogenous particle size distribution and
avoiding finé partié¢Rs &hairfanifet agEntsare?aish usefdlih fGhing e oA BBRMER WSefll chain
transfer agents:inctuade thase kmowas imthe art, including but not limited to ter- dodecylmercaptan, n-

docdecylmereaptan, p;oclylmercapian.and mixiures ot chain, 35 rangfer. ggents,, [he,goain trapster

agent is used at levels from 0 to 2 percent by weight, based on the total core monomer content. In a
preferred emBBdmMeMte 0 IHF T pehGent-chiiin fransfertagehtls Gd&d in"forRfiRg 1/ tord'pbiyiiier. 11
With regardia ¢he shefi(s)saccardirgsto-theninventionr theseare(styrene homepolymers, allkd/istyrene

homog%:ym%rrse(}re%egwl g@teégi; rylate_homopolymers, or copolymers comprising at least 70 wt% of
one of the above monoimers and at least one comonomer 5 chosen from the other above monomers,

another alkyf ifhethfaci§atesviny| acetatetandcHorfitrile. TRe sHBIFRMY e fuRétionalited P
introducing ipéQ itnby :grafting or as-a camenpmer duripgithepolymesizasian, unsaturates-knctional
monomers syeh s pnoyelides of unsajucated carhonylia acids, A0 Upsaturated carboxylicgeids and
unsaturated epoxides. Mention mayrl)e made, for example, of maleic anhydri e,a(met )acrylic acid
glycidyl methdcryidte, Ayarexfethyl nidthattyRteradd Ayl micthyacryiafsiaes. By-way of exdtiple,
mentian maydeamegle: okcare-shelt copahsners having:a polystyrene:shell andieere-shell 15

copolymers having a PM hell., The shell may als coniainlimiciﬁ functional groups, either
copolymerizgﬁgn ?N?t easrrg{lgﬁe?mf%tép byl %hélr%tl:ca??ﬁ:odﬁéat%n of fhe | rlCMel\(%}é\ bljygg p iFnéar?/raamlP e.
Advantageoiidly &he #idlar dencenpfration Beftieinideé ifActionalgradps s 305 0% EéREiveltd the

entire shell).sThere argraiso 20 corse-shel-sapabunacs having o shells, one made @haolysttng and
b e e gL EMS Al Sigaacyers and e o reparaton
25
With regard to the core according to the invention, this 1is a
rubber polymer. The glass transition temperature (Tg) of the
rubber «core 1is less then 0°C, preferably less then -10°C,
advantageously less then -20°C and most advantageously less then -
30 25°C.
Preferably the rubber core has a glass transition temperature
between -120°C and -10°C and more particularly between -90°C and -
40°C and more preferasbly between - 80°C and - 50 °C,
By way of example, the rubber polymer cf the core, mention may be
35 made of 1soprene homopolymers or butadiene homopolymers, isoprene-
butadiene copolymers, copolymers of isoprene with at most 98 wt3

of a vinyl meonomer and copolymers of butadiene with at most 98 wt%

of a wvinyl monomer. The vinyl monomer may be styrene, an



US 4 260 693,US 3 287 443,US 3 657 391,US 4 299 928, 25US 3 985 704 and US 5 773 320. The
shell(s) may be crosslinked by adding a at least one;multifunctional monomer during the preparation of
the respective shell. 30 With regard to the gradient copolymer according to the invention, at least one

layer of the core-shell particle is a copolymer, of yariable composifipn between two layers, in gther
words having a gradient. The polymer composition at the beginning of the gradient Zone is richer in the
monomer/p6iymes Fidifithe néighbolii§ et &t tiehd bR thecgrialieht z8nePtHe*EdpBRmer is

richer in thersecans penomer/polymer that forms the next layer. The gradient zone between the core

and a shell gr between two polymer shells may be produced for example by monomers that have
different 12%§§p0?§r%%ri§v§ti§r$ %’a%rﬁeeatesr.!éegriwbycggrgryﬁ/' i?fcgutntlléllg reégctiéc))%m ¥§fg%% c%}?]tiéqous%mode
under starved feed eohditior’siwhéré thel Fate stithetidifontef thedmdhoARe8 s Sicwerthidiis'the rate

of the reactignndhedatter made easisgsdpat the nstantaneeuscapolynesd eympasitionis,determined
by the monomer feed %orggositigg. Lpgtg{adéq:ntlpnlolymeé jcser%esverét}e outg:-{moﬁ% Iayegg{f:ﬁhe core shell
particle. The Wonomefsin the gﬁé ient ﬁglyrr?]er are chosén on function of the heighboring %yers
from the monemersddited with thé core tdnd they 18kespective 3hells. In a refefrelembbaihent the
gradient polymgr.aamprises utadieneand.styrene of methyl methaerydateand styrena@sgnenomers.
With r§9ard Ctg &Qg glroduction process, thf core-shell im%a% %?amgd'iﬁer IS an erpgl.siii@1 graft

enzene vinyilbenzene, a Cyanuyra ore
copolymer having Egjut%delené-based core polymer’and one or mo shell pcl)JIymers. graﬁ copolymer,

is obtained By graft-polyinedzingsa MbRemeY ot MoRRer Mixtdteccontainitiy SErEstah &bnigtic vinyl,
alkyl methagrylatener-alkyl-acrlate.in the.presencenet ajatexcontaining vubdiagdienebasadnal

monomers such as anhydrides of unsaturated carboxylic acids,
unsaturated carboxvlic acids and unsaturated epoxides. Mention may
15 be made, by way of example, of maleic anhydride, {methjacrylic
acid and glycidyl methacrylate. The crosslinking may also be
carried out by using the intrinsic reactivity of the monomers, for
example the diene moncmers.
The core can also be covered by a ceore layer. By core layer is
20 meant that the polymer compoesition of that core layer has glass
transition temperature (Tg) of less then 0°C, preferably less then
~10°C, advantagecusly less then -20°C and most advantageocusly less
then -25°C.
The core layer is preferably a gradient polymer.
25
For preparing the rubber core with a diameter of 50-250nm of the
core-shell particle different processes can be used: the grow-out
process, the seeded grow-out process and an agglomeration process,
The grow-cut process is preferred in order to have a narrower
30 homogenous particle size distribution and avoiding fine particles.
Chain transfer agents are also useful in forming the core polymer.
Useful chain transfer agents include those known 1in the art,
including but not limited to ter- dedecylmercaptan, n-
docdecylmercaptan, n—-octylmercaptan, and mixtures of chain
35 transfer agents. The chain transfer agent is used at levels from 0
to 2 percent by weight, based on the total core monomer conitent.
In a preferred embodiment, 0.1 to 1 percent chain transfer agent

is used in forming the core polymer.



20rubber polymer. Polymerization initiators useful in producing the graft copolymer include, but are not
limited to a persulfate salt such as potassium persulfgte, ammonium persulfate, and sodium persulfate;
25 an organic peroxide such as tert-butyl hydroperoxide, cumene hydroperoxide, benzoyl peroxide,

auroy! perois, PraiiieRe VELORRCKR ant disapiopyibenzene yligpergideranaze..
compound such as a%of)lssobutyronltrﬁe, and azobisisovaleronitri e; or a redox Initiator. However, it is
30 preferablettoras€ catdpiersystERssof redodypetioffictl by HITEeBPABMaHESN ofd perdRicy -
compound, ferexample.as meptiopedakave, witlra reggsingragent, ixparticulagsugh asialkali metal
sulfite, aIkaIi7 r(ret Lbis%lfite sodiyrr%orm Ideheyde sulfox |atea$,'§a|;|§0§g|a%|"0)¢ ascocrbic acidérglucose,

. . WHE O e, 0 e . a 34 Onomer s < OImMOIom .
and in particular those of %% the said cata yﬁc sy&ems which are Water-so[u%le,?or exampf)e potassium

persulfate/sebivgrmetabisuiiite Oralterrrativialy diisbpropylberzerectiydroperdxidesodiuml ky L

formaldehyde.suloxyata 213 Oraven mare-conaplicate systerns as.for example f@0USmay be
sulfate/dextrfose/sodiuglP%/é%phgsphate. Use may beirrl?@ge, as emulsifyir}gd?gent of any one gf the

known 5 sufface-active agents, \?Ghe%ﬁlé:rré)ﬁll%%f“c, onionic or even %%tioﬁlc. lpne%ticafar, the

emulsifying agestonsmy be ¢hosen frophaniopicenvisifying agentsissehias sediumtonpoiassidm salts
of fatty acidgJpdaartisulaysediug laurate 1sQdivgm staarate,ssadivar palmitate; segdium oleatesmixed
sulphatgs of sodium 0£ of 10 pgtasslium and dof fatté alcohotls, intp%rticular.scf)diunhlaurglosulghate,
sodium’or pBtEEsI At SREGphbstCCiié B8t&1 T sBaithT B iotasERin Sats of aikylafyistiphonic
acids, in  20:Usuadly thefworkirgrup lor.recovernya(hseanirmthnedisofition Ofielie oreshiell paiiders
from the em&s}igrﬂ)i@carrieql%g){yrryp@{@of spray,dring of by means, of pregipitatian or cgagulation
and separation of the dispersing water. In the case ogthe greslent inventti,on workin% up isddoneﬁby
means 25 of c6EGUIRTION Ad SEPAIARSH of the'aispetsifg Water. THE 2baglialion precipitation is made

with an electrohyte siddifion: dntherscope lof the presentinvehtioarehlofitelanien domtaifing!isased

electralytes age preferably.avnidgd .asthey mightiposeneoriasion preklemss 30 dhe sation f the
inorganic coagulation salt is preferably selected from %ny la, Ila and llla of the Periqdic Table of the

rou
Elements. Sotfh! potassiim Rdcitim &fd niagriediim Bt garictitary pretefred “Eiecliohted Used as

coagulationlagentfemthespresent ifiertiolren of the PMMA by a primary amine.
Advantagecusly, the molar concentration of the imide functional
groups is 30 to 60% (relative to the entire shell). There are also
20 core-shell copolymers having two shells, one made of polystyrene
and the other, on the outside, made of PMMA, Examples of
copolymers and their method of preparation are described in the
following patents: Us 4 180 494, Us 3 808 180, Us 4 096 202,
U5 4 260 693, Us 3 287 443, Uus 3 657 391, Us 4 2%9 928,

25 UsS 3 985 704 and US 5 773 320.
The shell(s) may be crossliinked by adding a at least one
multifunctional monomer during the preparation of the respective

shell.

30 With regard to the gradient copolymer according tc the invention,
at least one layer of the core-shell particle is a copolymer of
variable composition between two layers, in other words having a
gradient. The polymer composition at the beginning of the gradient
zone 1is richer in the monomer/polymer from the neighboring layer

35 and at the end of the gradient zone the copolymer is richer in the
second monomer/polymer that forms the next layer. The gradient
zone between the core and a shell or between two polymer shells

may be produced for example by monomers that have different



35 are for example inorganic salts such as sodium sulfate, calcium sulfate, aluminium sulfate, sodium
dihydrogenophosphate, disodium hydrogenophosphaie, potassium dihydrogenophosphate,
dipotassium hydrogenophosphate, calcium hypophosphite and salts of organic 14 acids such as
sodium acetate, %alcium a%e.tate, otassium forgnat%, calcium acetyla&gt%rhate.r@é)égggié; sPrIltsacan be

CoORo eriza on rame, rs CaArryin O @
used from e an § rous or the hydrated form wher it exists, as for example magnesium sulfate

anhydrous cremaghesium sefate héptamiiirous b8 Rdvhntageo sy dhé tectrolRr’ cHuserFem

inorganic salts ang preferably-armengmhaosphaies andssufates aniansand apmeng sediust, patassium,
magnesium and calcium atio?stgs for eé%mgle magr(i%si m&JIfate, cralcium sulfate disqdium
[ ate.

hydrogenopﬁ%%ﬁ ate’ po aSsium ‘ﬁ@d?ggenop u(')sseﬁ’h he e?ecjtfloﬁy e%tgr%eﬁgesd ?no o Of an 10

aqueouUs soltivresfidne brimore titerepteAntithgdreamaseingis thespHamtge urirgthe coagulation
step. Often,the pH.Qfthepovdarisadaptedforihe final product after thesrecovery aser example by

coagulation. But in case of the 15 present invention, the control already takes place before and during
the coagulafi6f The’BEVAILE at the beginning  should be between 4 and 8. Before the coagulation

the pH shallreferablybebetwedre5and! 7<5) imore. preferably betweean @anf:20apel of the

advantageoyslypeiwesn;6./,3ad 7 . Fhecoagulation fakes place hefivean aka pH fFom 44ode
preferably from 5 to 7.5, more preferably from 6 to 7.2 and advantageously from 6 to 7. The pH value
during'the ré&&\RY by &g §lEmeration of the grafted 25 core-shell polymer dispersion can be adjusted
by processesrkroven ¢4 ¢hie pérson skilledhin thecad rfotiexample lyradditiorcofierganic brdierganic

acidic solutign yvhen, the, pH, value: is toa.bigh, oF by-additian of ofganic griniganic-alkaline solution
when the pH is too K)w, or by addition of a buffer solution to 30 keep the pH at a nearly constant value,

within restricted variations when small quantities of acidic or alkaline compounds are added to the
solution. Th#atkalinegekdion®arélprefpraiipekdompt Pomcstesng inbrgamicyasds:like Na®@kG; K OH,

LiOH, €a(OH)Z,and moregenerally, exempt of 3p.ammonia.and most arganichases which selease OH-
ions due to hydrolysis and not due to dissociation. 15 )
core polymer and one or more shell polymers. A graft copcelymer, is
obtained by graft-polymerizing a monomer o©or monomer mixture
containing at least an aromatic vinyl, alkyl methacrylate cor alkyl

acrylate in the presence of a latex centaining a butadiene-based

20 rubber polymer.

Polymerization initiators useful in preducing the graft copolymer
include, but are not limited to a persulfate salt such as
potassium persulfate, ammonium persulfate, and sodium persulfate;
25 an organic peroxide such as tert-butyl hydropercxide, cumene
hydropercxide, Dbenzoyl peroxide, lavroyl peroxide, p-menthane
hydroperoxide, and diisopropylbenzene hydroperoxide:; an  azo
compound such as azobisiscbutyronitrile, and
azobisisovaleronitrile; o©r a redox initiator. However, it 1is
30 preferable to use catalytic systems of redox type formed by the
combination o¢f a peroxide compound, for example as menticoned
above, with a reducing agent, in particular such as alkalili metal
sulfite, alkali metal bisulfite, sodium formaldehyde sulfoxylate
{(NaHSO,HCHO) , ascorbic acid, glucose, and in particular those of
35 the said catalytic systems which are water-soluble, for example
potassium persulfate/sodium metabisulfite or alternatively

diisopropylbenzene hydroperoxide/scdium formaldehyde sulfozylate



The buffer solution is an aqueous solution consisting of a mixture of a weak acid and its conjugate
base or a weak base and its conjugate acid. As exagwle of buffer solution, one can mention,buffer of 5
carbonic acid (H2C0O3) and bicarbonate (HCO3-) present in blood plasma, to maintain a pH between
7.35 and 7.45, or citric acid and sodiur‘ri citr%te buffer solution,_or phgsphate buffeirs ba§gg on

. . or even moere com Ccate STeamns 3 O . eXa [ rous .
dipotassium and monopotassium pﬁogpﬁates or di€odium and monosodium pﬁgsphates or citric acid
and disodiufilphResphdeest 1o retertibly, phespharbaffer-solutions are used in the present invention
and more preferably, phosphate buffer solution prepared to be able to keep pH value between 6 and 7. .

The coagulation is carried out at temperatures of from 5C to, 15100C, preferably from 10C to 100C,
particularly%trseeferrg%Yy t}?gmniqé% to1 Oéméllé{\falnggéggusal??r%?ﬁ 28g té”g% ° e}éigte:tr(}}:%n%ﬁavﬁom the
synthesis used féraheacodgifiationhas adutitheontent betviee28%6 ahd 60%SaReitht apith freferably
between 25%. and 50%6-,.28The agueets solutiomgf theelectrlytecontain concentsationsi it salt small
enough to irésmuur? sogu:tgirlli%/ of thg sgaecisegéﬁakirég ing%ag,%oug% theirt%oslgjli)ﬂit %Oﬂségmoi@ Wgé%rtat 25C.
The separation of the co gl?lg?ecf ahd prempiflated‘s pofLymer and he Water can take place by v
conventional piethodsifor exanpleisieving o 254iltrationr décantatiohiorcertrifagation orscohbihation

of some of themaAfleseparating.off the gispersing.water «a meist grafted-polymgaris obfainegs which

usually has residual water c nter)ft of up to 75 wto/%. Iﬂ the process a.ccoiding to the invention there is
. rassium an O fﬁ £ Slco (o} n %artlcu ﬁr SOG1 Laury
only partial "30 $&paration of the auxifiary’substances, such as,tor examplé, emulsifiers;

decompositionlprotivets oftHé radical forrierssbuffer substances, so tirdtos eonsitierabes porton of up
to 100% of the.auxiliarysubstances: remaigsindhe graft palymer.and copsequentlyinithe, end product,
that is to say the moist grafted ,olll)%mer.dgg1 As Ehere IS no fuitq?]eé liFqcrlﬁcatloanng,itep, Sacgl %% roduoc]gs and

impurities tHat Will ROt part with the watSF Wil fest in the core-shell polymer powder, e size

distribution ebceagutated partictes isof impbitanceim it slvemick industas B 1v.c08) S smaller then
500pm preferably-the yolime average, particle size is bstween 50-400pm 5:An additional aspegt of the

invention is a process foré)roducin an impact modicgier gfomcflrksing)folloqin% steg% a) yntktllegis of a
core shell-pgré)?r?élrcﬁﬁ em Isi%ﬁhﬁ&l%ﬂ?eri%aﬁgﬁ cORAinflg a“gratiemtPSlymeF layer by EoRtroland
adjusting of pH-vahieafterlthelsyrthesis stépel0e) coagatation ofitlie cofe-shelt pomerfatsph
benNeen‘1anrface—active agents, if necessary.

20 Usually the working up or recovery (meaning the isolation of the
core-shell polymers from the emulsion} is carried out by means of
spray drying or by means of precipitation or coagulation and
separation of the dispersing water.

In the case of the present invention working up is done by means

25 of ccagulation and separation of the dispersing water. The
coagulation precipitation is made with an electrolyte addition.

In the scope of the present invention chloride anion containing
based electrelytes are preferably avoided, as they might pose
corrogion problems.

30 ""he caticn of the inorganic coagulation salt is preferably
selected from group Ia, IXIa and IIla of the Periodic Table of the
Elements. Sodium, potassium, calcium and magnesium are
particularly preferred.

Electrolytes used as coagulation agent for the present invention

35 are for example incrganic salts such as sodium sulfate, calcium
sulfate, aluminium sulfate, sodium dihydrogenophosphate, disodium
hydrogenophosphate, potassium dihydrogenophosphate, dipotassium
hydrogenophosphate, calcium hypophosphite and salts of orxganic



8 by addition of an aqueous electrolyte solution. With regard to the recovery process the pH of the
latex of the core-shell copolymer particle before the ggagulation step is 15 between 4 and 7.5
preferably between 6 and 7. Preferably the pH of the coagulation step c) is between 6 and 7. The pH
value of steg b, s ad&u%ed by ac(ljdltlon of a}n %gue%uigyffer solutlo?é prefggablg/ian agueous

phosphate bufier soﬁuﬁon.al-s’re?é)ralblﬁh/n tiie eléc rc5|yteauseé‘1 %r%%%g% atior in %Fep (L:lfTl is‘magnéesium

sulfate 20 Irralwreferredcaimbotimbntaie probessEomprisés dreadditionikstes after thercoddgelation:
adjusting of i yalus of the cerr shellpalyseer after theneoagulatian step betyeenf-and 4ms 1« AN
antioxidant can be added. As fantioxida}?t,dproduc:ts from Ciba, 25 Clari?rf]t or S ng}ngm}(chmcpanies are
well known B8 15 Stabilize ﬁéjly%err%flin 3ﬁtiblp3&?r?gs 5%réntsc%n Beaddéed. %o?gﬁni%ss'alts like
calciunrbcarBaomatezagesilicad tahlive asedtSilicatis preferter: 80 Stilbanbdthercaspeact ©f the irrehtion is
an impact madified thermaplastc compesitien comprising at least.ons.thermeplastic,palymerand a

core-shell copolymer impact modifier particle as _describgd before or %btained b ,process as described
before. 35 Witht&gard to RS 15 hidhiaktic polymal thatis Pait ofthe tHeriiobiastic Lefipositioh
according tosthef invention lttcambes chbsen ambng ButnotHinited to.cpdly frhgltehlonde)(B\G), 17

polyesters ag; oy exanaplepely(eihdene terephtalate) (PETLr polw(butylene;terephitalatey(PRT)or
polylactic acid(PLA),polystyrene(PS),polycarbonates(PC), golyethylene, poly (methyl methacrylate)s ,
(meth)atrylid B &8P5IyRrers thePmdblstic poiyiRicthy et dcrylate-co-
ethylacrylates),poly(alkylene-terephtalates),poly vinylidenefluoridepoly(vinylidenchloride),

polyoxymethylen(RQN).semiserystallinepaivamides .amorpfious, polyamides,semi-crystalipe, .
COpOlyamId%sf'tae‘arr?,orez?l%usp%{opoof:!y%rk?éd%%vegelayretggraé@gdpetséd for the final product after
the recovery as for example by coagulation. But in case of the
15 present invention, the contrel of the pH already takes place
before and during the coagulation step.
The pH wvalue at the beginning and during the coagulation step
should be between 4 and 8. Before the coagulation the pH shall
preferably be between 5 and 7.5, more preferably between 6 and 7
20 and advantagecusly between 6.7 and 7.
The c¢oagulation takes place between at a pH frem 4 to 8,
preferably from &5 to 7.5, more preferably from & to 7.2 and
advantageously from 6 to 7.
The pH value during the recovery by agglomeration of the grafted
25 core-shell polymer dispersion can be adjusted by processes known
to the person skilled in the art, for example by additien of
organic or inorganic acidic scolution when the pH wvalue is too
high, or by additien of organic or inorganic alkaline solution
when the pH is too low, or by addition of a buffer solution to
30 keep the pH at a nearly constant wvalue, within restricted
variations when small quantities 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}Z and more generally exempt of
35 ammonia and most organic bases which release OH- ions due to

hydrolysis and not due to dissociation.



polyesteramides,copolymersofstyreneand acrylonitrile (SAN), and their respective mixtures. According
to a preferred embodiment the thermoplastic resin cogposition comprises polycarbonate (PC) and/or
polyester (PET or 15PBT) or PC or polyester alloys. The alloys for example may be
PC/ABS(po%AcMg?itrile-c -btu.tadiene-co-st rene\% PC/ olélester or PC/I?:LA 'ustfto mention a few.
With regard to the constitaents &f’ fhelgor%%o%}l%}lderﬁ ﬁesagupré%rtfzoon%sﬁgtv&g h the %o?é-}éhléﬁepolymer
of the inventibn and i theerdplastic poi/nerraredsdtivebn ©25/99.5 and 2018 jeferdbly befiveen
2/98 and 15/£3+.%m Methodg Estimation of the particle size of the initial impact modifiers at the end of
the emulsion polymerization is performed by capillary hydrodynamic fractionation (CHDF). 30For the

estimation of weight averageéoowdergarticle size, garticle size distri{Qutign and rati%lcggine pggticles. a

Malvern Mafer<i7ar e dhparatul Wit & 306mht 18hdes Mhaastfing A range from 0.5-880pm is used. D

(v, 0.5)3s theaparicie size &t Whitli 0% ofthecdamphe has S5 §iEd leks therrw50% of fhe’sample

have a size latger.thepthat size. o in ofherwords the egyivalentvolume diameterat:20% climulative
volume. This size is also known as volume medium diameter that is relateql%qu}:es mass 1 edian

diameter by¥R2 4B denkit) ot the dfitles By the Gensity ofthe Patitles R4siming a S|zrerzéinc§)enpendent
density for thémartickeisim D @ndD.1)de the particlewsize attwisichalG% of the safipleds gmallerthen that

size, or in offierwords, fhe aguivalentvalume sdiameterat1 Mo cupylativeyelume e .
10 Preferably, phosphate buffer solutions are used in the present
invention and more preferably, phosphate buffer solution prepared

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

The coagulation is carried out at temperatures of from 5°C to

15 100°C, preferably from 10°C to 100°C, particularly preferably from
15°C to 100°C advantageously from 20°C to 90°C.

The latex coming from the synthesis used for the coagulation has a
solid content between 15% and 60% in weight and preferably between
25% and 50%.

20 The aqueous solution of the electrolyte contain concentrations in
salt small enough to insure solubility of the species, taking into
account their solubility constant in water at 25°C.

The separation of the coagulated and precipitated polymer and the
water can take place by conventional methods for example sieving,

25 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
content of up to 75 wtk.

By the process according to the invention there is only partial

30 separation of the auxiliary substances, such as, for example,
emulsifiers, decomposition products of the radical formers, buffer
substances, so that a considerable portion of up to 100% of the
auxiliary substances remains in the graft polymer and conseguently
in the end product, that is to say the moist grafted polymer.

35 As there 4is no further purification step, all byproducts and
impurities that will not part with the water will rest in the

core—-shell polymer powder.



D (v, 0.9) is the particle size at which 90% of the sample are smaller then that size. D[4,3] is the
volume average diameter. The Span is expressing tghe width of the particle size 10distribution. The
smaller the parameter is the smaller the particle size distribution is. The norm 9276-1 "Presentation of

results of pattile size analysis partlgraphicalrepresentaiontandihenqimoz7e: 2., Presentation of
results of particle size.anaﬁysis par%%: 16Calcuidtion o ‘av%rage particle sizes/diameters and moments
from particlésizecHistribafioAndrs tisgd. Proded re™b distaffitthie-pH Sfthie it \powdért & g tried

powder are gigpersedin 20 Ml of dem neralised wates 2Q:undenstingdusing 10 min. at 45C. Then,
the slurry is filtrated on a Wattman filter in paper. The pH of the filtrated water is measured at room

temperature.  The pH value is obtained using a Fisher Scientific glass probe connected to an Eutech
Instrunfent pH 200is&ries pH-areter 25 prelithfnaky calibiated With’stanearFBuffersalafensing
Preparation.of impagt-nediied: eempositions; the respestive impagtmodifier powders are mixed with

the thermoplastig resin (?10' carbopaée Lexan IXIL?%Zl from Sngng%g Slvvt% with Ehe help ofcan 30

extruder type Cli xtﬁ%\’ln(t dubté d?amete(f%mrsh,eiené%o 58%m) 35|nglfe%lpoe%aFuoregngae%v%aenlﬁgm 100C

up to 320C depending onithenrespestive zores throoghobf i whole extruder.  The impact strength

of the thermoplgstic ceMPOsitian is Measyked 3sinaceerdance with the 80smSQL80-2000. Test
speCiTgn are Té/)pe 1A.

coagulation of the core-shell polymer at a pH between 4 and

8 by addition of an agueous electrolyte sclution.

With regard to the recovery process the pH of the latex of the
core-shell copolymer particle before the coagulation step is
15 between 4 and 7.5 preferably between 6 and 7. Preferably the pH of
the cecagulation step c¢) is between & and 7. The pH value of step
b) is adijusted by addition of an agqueous buffer solution,
preferably an aqueous phosphate buffer solution. Preferably the
electrolyte used for ceoagulation in step c) is magnesium sulfate
20 In a preferred embodiment the process comprises an additioconal step
after the coagulaticn: adjusting of pH wvalue of the core shell

polymer after the coagulation step between € and 7.5.

An antioxidant can be added. As antioxidant, products from Ciba,
25 Clariant or Scngnox companies 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.

30
$till another aspect of the invention is an impact modified
thermeplastic composition comprising at least one thermoplastic
polymer and a core-shell copolymer impact modifier particle as
described before or obtained by process as described before.

35

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 teo, poly{vinyl chloride) (PV(C}),



19 In the following examples the melt flow index (MVI) of the polymeric composition is measured in
accordance with 1ISO-1333-2005 at 300C using a 2.16 kg load. Samples were prepared. The MVI
change is expressed in percentage of change from the 5 prepared sample at 300 after 25 min

compared to the value after 6min. As the palymer composition rades the MVI value at 25 min is
larger then %ﬁ%qv\é?us;% at'6 min’In cfa%s% of t%%%?efseentgfﬁglpe%tior(wetdﬁeégﬁ%ﬁ%?thé: ?ezfgtﬁla%%l\ﬁ@i%hela)nge is
considered 48 BEdeptable iahe fdlathvelchangetsith® Wi valte is lessherr 20 F% VTS 11t be

understood by n@t decreasing impogtantjy: the dscosity, ofthe polymer, earnpesition: Ihe ¢otoy change
is observed by measuring the parameter b*. The b* 15 value is used to characterize the principal
yellowing off %l}”eyseatnsg1 Igsg.rﬁfe 6;({/%1%6 Lﬂ%&é&ﬁés trﬁgtbgluaeca{fn%ltﬁg ?/)eﬁovxi ofaitl:fl]ée E%I%)ﬁrc. %oﬁu%s
tendincbtowardithé yekew have-& positve bevalge whitel thoge tehding tewdrdake blletHfave @negative

b* value. Theiyvaluesis measyred using g solprimeter (especially ageardingite 20the AGEVLE 308
standard). If the initjial color is cIo%%[ to zerg it is considered that the thermgpggstic %ompo.sétion
ride nohlo 2

comprising fﬁ%ri%lpﬁagten%%difiers of the invention is a’cceptabl%?‘f‘ﬁ’e( B* &nou ﬁoﬂarge}rr en)4. The

colour change isyobsensedas & funcliBf 6f time under25differentadohtitions: samples képteat 120C
and sampleg keptat 90C and-95% huaudity. [Exagples] - » Asteommergial products the fallewing
produgt was testedhas well: 30Para|oidTlL\/I EXL%691A is an MBS impact modifietg from ROHM and
HAAS: %om%rﬁcr’aliﬁecﬁlx%mple 1 ofCaOI%f)exya%%érd‘?nsg to figure | First stagg:olgfgl?meﬁzﬁlon of core To a
20 litres high-presssitee remptot svas charged: dedorizedwater 35 126.5 partst @malsifier pofasdium salt

of beef tallow fathy acid O-kpat, 1,3shutadiene 21,9;parnts, &-dedecyt mescaptan0.1pasts,and; .
p-menthane hydrog_eroxide 0.1 parts as an initial kettl

According to a preferred embogiment the thermoplastic zresin
composition comprises polycarbonate (PC) and/or polyester (PET or
15 PBT)} or PC or polyester alloys. The alloys for example may bhe
PC/ABS (poly{(Acrylonitrile—co-butadiene-co~styrene),

PC/polyester or PC/PLA just to mention a few.

With regard to the constituents of the composition, the

20 proportions betwsen the core-shell poelymer cf the invention and
the thermoplastic polymer are Dbetween 0.5/99.5 and 206/80,
preferably between 2/98 and 13/75..

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

hydrodynamic fractionation (CHDE).

30 For the estimation of weight average powder particle size,
particle size distribution and ratio of fine particles. a Malvern
Mastersizer § apparatus with a 300mm lenses, measuring a range
from 0,5-880um is used.

b (v, 0.5) 1is the particle size at which 50% of the sample has

35 size less then and 50% of the sample have a size larger then that
size, or in other words the equivalent wvolume diameter at 50%
cumulative wvolume. 7This size 1is also known as volume medium

diameter that is related to the mass median diameter by the



20 agitation, to 43C at which time a redox-based catalyst solution was charged (water 4.5 parts,
sodium tretrapyrophosphate 0.3 parts, ferrous sulfatg;0.004 parts and dextrose 0.3 parts), effectively
initiating the polymerization. Then the solution was 5further heated to 56C and held at this temperature

ey S i O T e P et PN AZRlgn g U segond manametenarae (7178
y .

parts BD, t- oatsa(l:ylymercaptanpoﬁ parts), oné-half of an additional emulsifier and reductant charge

(de-ionized Wvatér ©10 Beea gt erfaidrpdtassiti Sdrisdérttallow fatty acid 2.8 parts, dextrose
0.5 parts) and additional initiatar{pmesnthane dydroperaxide0 S-paris)avese centinucusly added over
eight hours. Follawing the completion of the second monomer a&iditi n, the re.maﬁlneyglge Isifier and
reductant cﬁéﬂragigf)elﬁs |Hiti§?€)art§/va€’slczoerﬁtin%%uélr§/ a%rpcflz:edr ov%?%nsaﬁiﬁoﬁﬁﬁ/‘éahours. %liltrteen hours
after pdlymetizanforeinitation thegolbtibhiPas hedtéd to 68 C and allowed to react until at least twenty

hours hadelapsedsincepolyerizationinitiation, pseddcing patybskadiene sibberdatexnBl.e20dhe
resultant pog/nptgzi\dieré%rubl%%r lr?t%)ﬁ éFél) contained 38% solids and had a average particle size of

about 170 nin- Secon s?age: E’olymerlzation of shell 1 (outer shell)Into a 3.9 litres reactor was

charged 750igaris, én a-b6lide basis, of 252 p6lybutadiene rubber latex R1, 37.6 parts de-ionized
water, and G:dpartssediurnfornaaldebyde-splfoxylate. Jhersolution was.agitaied: purged withe
nitrog%, an ,heateg tto,77C. V\%Qen the s;ﬂutli:on (g;%aChe% Zg%é gemixtlilge 0 g.G parts r&gethylhe
methacrylatefL_sL.tff)aPtslé)tﬁyl acrye?ate?r_afl p%rts |Vf§nyl BenZene®30 and 0. partsr?-abu]tyirhy&roperoxide
initiator wasreoritimicusly zrldéidsoveir?0 iminutes, followed by a hold period of 80 minutes. Thirty

minutes afteritbe Qnsetofthejhold pesiad, 0.1 parts-of-sedium formaldebyde sulfoxylate ang 01 parts
t-butyl hydroperoxide were add%d to the reactor at once. 35, Following th%80-m;jlrcl)q:tn(? holglzg%r_ic}d, a
stabilization"&rhblsion was At fthe gfaft E6poIymer fatex. TRE Stabilization emulsion Was prepared

by mixing 5.4Pparts weziorized wWater fisasad ongrafteopgolyrer mass), 02 pansicleiccadit, 0202 parts

Fxnas§%ﬂn 2licuiation of average particle sizes/diameters and moments from

particle size distribution” are used.

Procedure to cobtain the ﬁH 0f the final powder:

5 g of dried powder are dispersed in 20 miL of demineralised water
20 under stirring during 10 min. at  45°C. Then, the slurry is

filtrated on a Wattman filter in paper. The pH of the filtrated

water is measured at room temperature.

The pH value is obtained using a Fisher Scientific glass probe

connected to an Butech Instrument pH 200 series pH-meter

25 preliminary calibrated with standard buffer solutions.

Preparation of impact modified compositions, the respective impact
modifier ©powders are mixed with  the thermcplastic resin
polycarbonate Lexan ML5221 from SABIC (at 5wt% with the help of an
30 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
35 in accordance with the norm IS0 180-2000. Test specimen are Type
1a.



hydroxide, 0.1 parts dilauryl thiodipropionate, and 0.24 parts
triethyleneglycol-bis[3-(3-t-buty1-4-hydroxy-5-methylphenyl1)- propionate]. ~ The resultant core shell
latex (E2) had a average particle size of 5about 180 nm. Example 2 (according to the invention) of a
latex according to.figur First stage; Polymerization aof .core 1 and core 2 10 20 litre
high-press:#é1 reggt%r v%géqc%%lragd: %:'é?%%%z@esd w%a%%r ﬂ%l%c pafr]tls?wem%?ls%é% sé ﬁrﬁ sa?tktof gggecyl
benzene sulfEAIEEEHD. TPEES 1T BoButhdliaife 2B ratts, - ddetsi st aptdt 01 parftd> anel 0 °
p-menthaneshydroperoxiele-@. Iparts asan initial chargpLekhesselutionswasdieated, with agitation, to
43C at which,{im6, 15 redox-based catalyst solition was charged (water 4.p.parts. sodiim, .
tretrapyrophospha 0.3 parts, ferrous Saffafeo. inarl% and dextrose 0.3 parts?, effectively Initiating
the polymerizzgion: Theprtielsolafiors Was fufther heatdtt o SECRHEHelbat thid BipetatireSér a
period of thregihqurss 20nEhreeiRauns afterpelymesizalioniniiation,a secondsnenomerchasge (71
parts BD, t-dodecyl mercaptan 0.2 parts), additional emulsifier and reductant charge (de-ionized water
30.4 parts, elnswuls%éﬁggdil?r%esnalt%og%o eac% %enazr%em;% sultonic :g%l 09 %grts?gei%rgoese 05 Sp%?(:ts) and
additional initiater {g-prerithane 25iRydréperaxides0. 8tparts) Were @omtipfiotsly eritetrsvéreight hours.
Following theGcarpplation eoftha,se¢and meaomes aglditien, the remaining.emidsifies andiedugtant
charge plus jnitiator was continuously added over an additjonal five hours. Thirteen hours after
polym?e(rg?zati(/%h inﬁﬁéﬁonﬁhe@of&%nxﬁ% ﬁgtﬁé)a eac}ﬁ/o 68 E g&&ﬁ%ﬁafwﬂaﬁ? fD {%aenn%% net%e
hydroperoxitié 0:09 Warts) farid Sty rer e €0 9gsars)awete tontinously added during additional 3 hours,
and allowed to react until at least twenty hours had elapsed since polymerization initiation, producing
butadiene corel-BD/ST gradient core2 latex (R2). 35 The resultant polybutadiene rubber latex (R2)
contained 40.3wt% solids and had a average particle size of about 180 nm. Second stage:
PolymerizatiBreofcstielk 1 cdvihghell 2 F2skrtyad Oviitres seactopwalsec e geded®.7 553arts,"6n A*solids
basis, 0f polyputadiene rubber latex B2, 1. 3arts de-ignized water,and GO0Apars sediiMm he
formaldehyde sulfoxylate, The solution was agsitated, pl{lrgedqwith nitr%get[}l,] and %%flted tof55%.85 When
the solution TE3EHES 62CBontinudBish dufiiy 60 RinUtas 7.1 part 3F Styrerte, 809 parts of divinyl
benzene and ©.08 partof thutyl tydidperoxitde ate Hrtede Afterwzrds the rermpetatire s iéreaised to
75C for 40 minutes.phatch.aqmixdureohl4 narts dedonizedavaten0.008.pants sediu| . The
formaldehyde sulfoxylate is 10 added,then continuously 10.5 parts methy] methac e ,0.13Lparts de

rylat
divinyl benzgﬁe‘éziﬁjd)@fmlﬁaﬁ%?-Sr}’lﬁflfih?ﬁfo]b%r8xi881iﬁﬁlaar?§rtvgv5re(%S %glg\/lelryfs(? Cr?ﬁﬁﬁfle'? hirty
minutes after ithe Jgp8Miouis3adddition@dparts t-butyl hydroperoxide were added to the reactor at once,

followed by aold, period of 60 minuies.;15 Eollwing the 60;sminutg hold.perieda stabjlization:
emulsion was added to the graft copolymer latex. The stabilization emulsion Wasglfrepared by mixing

5.4 parts de iBRIZAIRVATIr (baSEHRSH Jraft Ropoihierhads) -6 paks SbdiliRT s byl

Bf todecy!'benzene
sulfonic acidj v pattsdilaurt teipdigropiorte, and<G\241partet larger then 4.

20triethyleneglycol-Risf3+(3-t-putyJsA4-hydroxy H:meshylphenyd)- propianaigl- The resultantcoreshell
latex (E2) had an average particle size of about 190 nm. . ‘
25 different” conditions: samples kept at 120°C and samples kept at

90°C and 95% humidity.

[Examples]
As commercial products the following product was tested as weli:

30 Paraloid™ EXL2691A is an MBS impact modifier from ROHM and HAAS.

Comparative 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
35 116.5 parts, emulsifier potassium salt of beef tallow fatty acid

0.1lpart, 1,3-butadiene 21.9 parts, t-dodecyl mercaptan 0.1 parts,

and p-menthane hydroperoxide 0.1 parts as an initial kettle

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



25 Buffer solution for adjusting the pH before the coagulation In a 2 litres calibrated flask are added
9.45g Na2HPO4 (disodium hydrogeno phosphate) ang 9.06g KH2PO4 (potassium dihydrogeno
phosphate) and is completed to 2 litres with demineralized water. The pH is measured at 6.8

(0.066moL/d) 30 Examples of goaguigtion,|n.a jackeled vessel of £ L sAuiped with a sfier s put
successively 5 g of Idtex of core-shéll particles from comparative example Tof example
respectively“grsd beffer 88isolltidreat pH-6.8 foriaving W selidh cohteitGiry4. 196 AgRlRF Stirfnd at 300

r/min., the heat the solution,issraised a1 30C @nshthen-injecieddhe selutien s salty(16.1 g0t s) ,
magnesium %%escljéphaf in 300 mL of demliln. wate

r. Coagulation occurs very rapidly. After 15 min., at
30C under setlrrlng, e gmﬁ@r%%ﬁ?etfsnﬁﬁcFea%ea%ﬁ) %eéb%%ﬁ%nmai'ﬁgirﬁe el%r fuﬁr)t %?ﬁ%nmiﬂnafsat this

temperaturef Thdreis doviéddown P40 GurThehpHds medduked berPs aafjusted fodecessary with
aqueous solytion, pE NakRO4 at 0.066mol/1. The slurry is filtrated on Buchner paper filter and the
powder is reclgvered. Theqpow eris putlin a ventilated oven_q:urintg_jL 48 h at 50Cand(£ecovered after
complete dr%nrg?elo E?(%ﬁiplea Wds diSo Fseze dried h cjc“)rrlrll“pzi‘r"?soﬁj tg thé cosaegcqutlonmpc}%%%%g The
particle sizeakhas ahalyZzed details af€ givenliritabiteé Imand fighire 49 15 Coniparative Bxtanhplec8 of

coagulation yithgutipk: adjusting.at the end. Example is saagulates with magnasivansulphate
without ad_justment of rpH to neu}rai %/glue with a ujgonysssgliutiog fofkg\eleaez I?:Oflaf&er ggggqlaéicolnd 20
Compafative Exanipié Fof &djisiing v by NEOR EXampie™2 Ricodgtitatdd with' magnediuft stiphate
and the pH i%.d@djusted-with dgueoussoldtion afsotium kydioxid&lNaO)linsterd of Na2HPO4 after
coagulation25 fable 1 r omparison of partigle size. of agglomeratedt powdes fromgxample 2 -
DOAOJ)[)O%&&%t hours. Following the completicon o¢f the second monomer
addition, the remaining emulsifier and reductant <charge plus
15 initiator was continuously added over an additional five hours.
Thirteen hours after polymerization initiation, the solution was
heated to 68° C and allowed to react until at least twenty hours
had elapsed since polymerizatilon initiation, producing
polybutadiene rubber latex, RIl.
20 The resultant polybutadiene rubber latex (Rl) contained 38% solids

and had a average particle size of aboeut 170 nm.

Second stage: Polymerization of shell 1 (outer shell)Into a 3.9
litres reactor was charged 75.0 parts, on a solids pasis, of

25 polybutadiene rubber latex R1, 37.6 parts de-ionized 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

30 and 0.1 parts t-butyl hydroperoxide initiator was continucusly
added over 70 minutes, folliowed 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 at once.

35 FTollowing the 80-minute hold period, a stabilization emulsion was
added to the graft copolymer latex. The stabilization emulsion was
prepared by mixing 5.4 parts de~icnized water (based on graft

copolymer mass), 0.1 parts oleic acid, 0.02 parts potassium



D(v,0.9) D[4,3] [pm] [pm] [pm] [pm] Example 2 71.51 286.12 626.82 320.28 Example 2 (freeze dried)
318.18 577.13 794.95 563.59 A graph of the distribytion is given in figure 4a and b. Only 0.9 30 vol%

of the particles from example 2 are smaller then 20 pm, meaning that nearly no fine particles are

present. The freeze, , L .
hydroxide, 0.1 parts dilauryl thiodipropionate, and 0.Z24 parts

triethyleneglycol-bis{3-(3-t-butyl-4-hydroxy-b-methylphenyl}-
propionate].
The resultant core shell latex (E2) had a average particle size of

5 about 180 nm,

Example 2 (according to the invention) of a latex according to
figure 2b
First stage: Polymerization of core 1 and core 2

10 To a 20 litres high-pressure reactor was charged: de-ionized water
116.5 parts, emulsifier sodium salt of dodecyl Dbenzene sulfonic
acid 0.1 parts, 1,3-butadiene 20 parts, t-dodecyl mercaptan 0.1
parts, and p-menthane hydroperoxide 0O.lparts as an initial charge

The solution was heated, with agitation, to 43°C at which time a

15 redox-based catalyst solution was charged (water 4.5 parts, sodium
tretrapyrophcsphate 0.3 parts, ferrous sulfate 0.004parts 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.

20 Three hours after polymerization initiation, a second monomer
charge (71 parts BD, t-dodecyl mercaptan 0.2 parts), additicnal
emulsifier and reductant charge (de-ionized water 30.4 vparts,
emulsifier sodium salt of dodecyl benzene sulfonic acid 0.9 parts,
dextrose 0.5 parts) and additional initiator (p—menthane

25 hydroperoxide 0.8 parts) were continucusly added over eight hours.
Following the completion of the second monomer addition, the
remaining emulsifier and reductant charge plus initiator was
continuously added over an additional five hours.

Thirteen hours after polymerization initiation, the solution was

30 heated to 68° ¢, additicnal initiator (p-menthane hydroperoxide
0.09 parts} and Styrene (0.9 parts) were continously added during
additional 3 hours, and allowed to react until at least twenty
hours had elapsed since polymerization initiation, producing
butadiene corel-BD/ST gradient core?Z latex (R2),

35 The resultant peolybutadiene rubber latex (R2Z) contained 40.3wt%

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

Second stage: Polymerization of shell 1 and shell 2



dried sample of example 2 has many coarse particles: already the 24 volume average particle size is
larger then 500 pm and additionally the population abgve 700 pm presents about 25 von. Table 2 -
recovering conditions by coagulation Coagulating agent pH adjustment at the end to obtain neutral pH

According tq e%[<amgle36. ﬂ/YQgQ%/OSg??,Z Diluted SL{I]féJIricea}:Fi(le d\!g go&%%rsa’tiv% rI?xgmgl}el § as

. I S reacro C
Magnesium sulfate Né Comparative example 4 Maghesium sulfate

basis, of polybutadiene rubber latex RZ, 1.3 parts de-ionized
water, and 0.004 parts sodium formaldehyde sulfoxylate. The
solution was agitated, purged with nitrogen, and heated to 55°C.
5 When the solution reached 62°C, continucusly during 60 minutes 7.1
part of styrene, 0.09 parts of divinyl benzene and 0.03 part of £~
butyl hydroperoxide are added. Afterwards the temperature 1is
increased to 75°C for 40 minutes. In batch, a mixture of 1.4 parts
de-ionizad water, C.003 parts sodium formaldehyde sulfoxvlate is
10 added, then econtinuously 10.5 parts methyl methacrylate, 0.13
parts de divinyl benzene and 0.04 parts t-butyl hydroperoxide
initiator were added over 30 minutes. Thirty minutes after the
previous additicon 0.1 parts t-butyl hydreoperoxide were added to

the reactor at cnce, followed by a hold period of 60 minutes.

15 Following the 60-minute hold period, a 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
copolymer mass), 0.1 parts scodium salt of dodecyl benzene sulfonic
acid, 0.1 parts dilauryl thiodipropionate, and 0.24 parts

290 triethyleneglycol-bis[3- (3-t-butyli-4-hydroxy-5-methylphenyl)~

propiconate].

The resultant core shell latex (E2Z2) had an average particle size

of about 190 nm.

25 Buffer solution for adjusting the pH before the coagulation
In a 2 litres calibrated flask are added 9.45g NaHPO,; (disodium
hydrogeno phosphate) and 9.06g KHPO, {(potassium dihydrogeno
phosphate} and is completed te 2 litres with demineralized water.

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

30
Examples of coagulation
In a Jjacketed vwvessel of 3 L, eqguipped with a stirrer is put
successively 500 g of latex of core-shell ©particles from
comparative example 1 or example 2 respectively and buffer
35 sclution 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 3C°C

and then injected the scolution of salt (16.1 g of magnesium



Yes, with diluted NaOH Example 2 Magnesium sulfate Yes, with Na2HPO4 solution 5 Table 3 -
optical properties expressed by b* of impact modifieg-PC composition b* initial b*after4 days at 120C
Accordingtoexample 6 ofW02006/057777 -1.9 5.7 Comparative Example 3 -1.2 18.7 Comparative

example 4 sulphate in 300 mL of demin.

water). Coagulaticon occurs very
rapidly. After 15 min., at 30°C under stirring, the temperaturs is
increased up to 80 °C and maintained for further 30 min. at this
temperature. Then is ccoled down to 40 °C.

5 adjusted if

The pH is measured and

necessary with agueous solution, of NaZHPC4 at
0.066mcl/1. The slurry is filtrated on Buchner paper filter and
the powder is recovered. The powder is put in a ventilated oven

during 48 h at 50°Cand recovered after complete drying.

10 Example 2 was also freeze dried in comparison to the coagulation
process.
The particle size was analyzed; details are given in table 1 and

figure 4.

15 Comparative Example 3 of coagulation without pH adjusting at the

end. Example 2 is coagulated with magnesium sulphate without
adjustment of pH to neutral value with aquecus solution of NaZHPC4
after coagulation.

Example 4 of

20 Comparative adjusting pH by NaOH Example 2 1is

coagulated with magnesium sulphate and the pH is adjusted with

aqueous solution of sodium hydroxide (NaCH) instead of NaZHPO4
after coagulation.
25
Table 1 - comparison of particle size of agglomerated powder from
example 2
Pv,0.1) D{v,0.5) D{v,0.9) D4, 3]
[pm] [1m] f1am] fpm]
Example 2 71.51 286,12 t26.82 320.28
Example 2 318.18 577.13 794,95 563.59
{freeze dried)
L graph of the distribution is given in figure 4a and b. Only 0.8
30 vol% of the particles from example 2 are smaller then 20 pm,

meaning that nearly no fine particles

dried samplie of example 2 has many coarse particles:

are present.

The freeze

already the




-0.5 29.0 Example 2 -2.4 2.3 10 It can be seen from the examples that with the process described by
the present invention, it's possible to achieve modifigg PC with good initial b* and keeping low b*
values versus time after aging at 120C. 15 With comparative example 3, it can be seen that if final pH
value is not \ggﬂgg&gledaqfnedrgd'usteda%%ngygal pI_;.L| t;[ahe iggial ti*a can Ibe a&gz&pta%&)ut tr;ne ev?lgtion of
the colour is Increasing much Taster with time than the products made according to thé Conditions of
the present #\eriticn.a PEvWitkecavipatative exapopie 40P can berseen taripfingl pH Valbie-is
controlled and adjusted at neutral pH, but with a non adequate electrolyte, initial b* can be acceptable
but the eVOltﬂtaiBQeOf he colour is increasing much fagter with ti?we than the products made 5 according
[

. - recovering.con Qn oa . e
to the conditions of the preseﬁfgln@e%tlon. abl& 4 Izgdﬁmp%% %fr”é%‘réth of impact modified
polycarbonate composition 1ZOD impagt steagth(kfm2)abR3CT -20QrAcedidingtoexamplech8.8 23.9
end to obtain neutral
©oH
According to example Diluted Sulfuric No
& of WO2006&/057777 acid.
Comparative Example 3 Magnesium sulfate No
Magnesium sulfate Yes, with diluted
Comparative example 4
NaOH
Magnesium sulfate Yes, with NaZ2HPO4
Exanple 2
solution

Table 3 ~ optical properties expressed by b* of impact modified. PC

compesition
b* initial b* after 4
days at 120°C
According to example -1.9 5.7

6 of WO2006/057777

Comparative Example 3 -1.2 18.7
Comparative example 4 ~0.5 29.0
Exanple 2 -2.4 2.2

10 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* wvalues versus time after

aging at 120°C.

15 With comparative example 3, it can be seen that if final pH value
is not controlled and adjusted at neutral pH, the initial Db* 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.

20



6 ofW02006/057777 PC with 5wt% EXL2691A 36.2 8.2 Example 2 35.3 17.4 10It can be seen from
the examples in table 9, that with the process descriped by the present invention, it's possible to
achieve modified PC with good impact resistance at room temperature and at low temperature. 15

. . o L 0 .
Table 5- Deja VJ;c?ﬁ@%‘?aaﬁ%O‘gﬂ%%ﬁéy%rb‘)@a%eaﬁo%‘803%'89 dpglta MVIL%) RCLwithaytcore
impact modifier) shell 18.2 According oexampﬂe
is controlled and adijusted at neutral pH, but with a non adequate
electrolyte, initial b* can be acceptable but the evolution of the
colour is increasing much faster with time than the products made

5 according to the conditicns of the present invention.

Table 4- TIzod Impact strength of impact modified polycarbonate

composition

IZ0D impact strength [ki/m2] at
23°C -20°C
According to example 43.8 23.9
6 of WO2006/057777
PC with 5wt EXL2691A 36.2 8.2
Example 2 35.3 17.4

10 It can be seen from the exampies in table 4, that with the process
described by the present invention, 1t's possible to achieve
modified PC with good impact resistance at room temperature and at

low temperature.

15 Table h~ Delta MVI of impact modified polycarbonate composition

Delta MVI (%)

PC {without core shell 18.2

impact modifier)

According to example & of 14.2
WO2006/057777

Comparative Example 3 14.8
Comparative example 4 34.6
Example 2 0.3

It can be seen from the examples in table 5 that with the
structure and process described by the present invention, 1it’s
possible to achieve modified PC with good impact resistance and
20 without degradation of its MVI versus time in contrary to PC
modified with comparative products not having the structure
(gradient) or not recovered in the operating conditicns cof the

present invention.



WO02006/057777 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 5 that witld ¢he structure and process described by the
present invention, it's possible to achieve modified PC with good impact resistance and 20 without

degradationfgf its, MVI versus time_in_contrary. to PC mo_dié%e ith,comparative products not having the
Ctrocture (ol iert) 20Tt e sver T ING o emtns Boiioae o s e e
figures are éxXamplas foFlcorecsHeR stuttifreS fjitecl i3 alsé BEhescorparative 8kdmple 3figures

2a, 2b and 3mseembadiments, agcarding toibe inventiann Figure 1 : Core-shell particle consisting of
a core and gne shell SFigure 2a,;, Cpre;shellpaiicle sonsising of @ ¢ore, a0d e sheis
5 Figure 2a : Core-shell particle consisting of a core and three
shells, the gradient shell can be shell 1 or shell 2
Figure 2b : 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
10 Figure 3 : Core-shell particle consisting of a core and two
shells, the gradient shell i1s shell 1
Figure 4a : Distribution in Volume% (absolute wvalues) of salt
coagulated example 2 (white squares) and freeze dried example 2
(black squares) as function of the powder particle size
15 ~rFigure 4b : Cumulative Distributicn in Volume$ of salt coagulated

example 2 (white squares) and freeze dried example 2 (black

sguares) as function of the powder particle size



shells, the gradient shell can be shell 1 or shell 2 Figure 2b : 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 10Figure 3 :
Core-shell particle consisting of a core and two shells, the gradient shell is shell 1 Figure 4a :
Distribution jy Yollume% (absolute values) of salt coagulated example 2 (white squares) and freeze
dried example 2 (black squares) as function of the powder particle size 15 Figure 4b : Cumulative
Distribution in Volume% of salt coagulated example 2 (white squares) and freeze dried example 2
(black squares) asdurectivre df thecpawdar particlesize R¥ACKiIms 1p&orésshell copelyimengmpact

modifier particle CS&WJ%QQ@ polymeric core apd at legst w?gliymgriq layers, eagh layef 2 with a

different polymer composition, wherein at least one polymeric layer comprises a polymer that is a
gradient polymer.*?:'Gord- SHelFEGE8IymBP IHPatt MBS Hecdtding 6 thifh ﬁﬁo%?ﬁ?Feinogﬁe
polymeric layer is@opetyamerc cougdayer; the cose fayer with ‘ardiferenbpolymer cempositibretiien the
core, wherein polyﬂggg&gg(e layer comprises a polymer that is a gradient polymer. 153.Core- shell
copolymer impact modifier particle according to claim 1 comprising at least one polymeric core layer
and at least two polymeric shell layers, the core layer with a different composition then the polymeric
core and the shelldayers, svkereinctheopolymericgoretiayerttdrprises:aqpolymer 20 tikdEisa dgradient

polymep; and eacty,shell layer with,a different pelymer composition, wherein.af,lgast.one polymeric
shell layer comprises a polymer that is a gradient polymer. 4. Core-shell copolymer impact modifier
particle according®8 &ny 268F cldiits 165 Chiafattdrizedthat Bedgias transit ?lnte?ﬁ‘ger%?ﬁreef of the
polymeric core is whder OC. t1Gare-sheltocopolymes impastrmbslfrer pamicleraecortingtto sy of
claims 1 to 3, chargcigrized that the glass transition 30temperature of the polymeric core is under
-40C. 6. Core-shell copolymer impact modifier particle according to any of claims 1 to 3, characterized
that the glass transition temperature of the polymeric core is between -80C and -40C.

15 3. Core—~ shell copolymer impact modifier particle according to

claim 1 comprising at least one polymeric core layer and at
least two polymeric shell layers, the core layer with a
different composition then the polymeric core and the shell
layers, wherein the polymeric core layer comprises a polymer
20 that is 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.

4. Core-shell copolymer impact modifier particle according to any
25 of ¢laims 1 to 32, characterized that the glass transition

temperature of the polymeric core is under 0°C.

5. Core-shell copolymer impact modifier particle accerding to any
of claims 1 to 3, characterized that the glass transition

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

6. Core-shell copolymer impact modifier particle according to any
of c¢laims 1 to 3, characterized that the glass transition
temperature of the polymeric core is between -80°C and -40°C.

35



28 7. Core-shell copolymer impact modifier particle according to any of claims 1 to 6, characterized
that the polymeric core comprises polybutadiene. 58, Lore- shell copolymer impact modifier particle
according to claim 1 to 6, characterized that the polymeric core layer comprises butadiene and

styrene. 9. (F.Orec%Q%UQRQQ!LWB%E:ETEBEQEmPHH@dO%YQ&L%%QO@m&Q:1@0@35'01:&9.:8@ charagterized
that the polymeric shell layers comprises methylmethacrylate. 10. Core-shell copolymer imé)act
modifier particle a2Eor@irfy- B cldim 1°to 8! chalAcRTizet that thé ¥ dicithol A& P ddmpFides
styrene. 11. Processiforipredusiriglantiaspactanodifier comprising following steps a) synthesis
of a core shell copolymer according to any of 20claims 1 to 9 by emulsion polymerization b) control
and adjusting of Elﬂjﬁvalue of thecore shell polymer particle after the synthesis step c) coagulation of

the cor@ shell-polyth&r atS pH betRRehEENd BBy QUdifiSh of i adtifous e ctfoitd Soilifion 25 12.
Process according te otairh 1tavhereintthe pH of thedatehetthe looresshetheopolyrrereparicte before

the coagulation 5t88ni?Lbﬁllé‘@%%a?&dezéﬁ%@tﬁf%%sfs according to any of claims 11 or 12 wherein
the pH of the latex of the core shell copolymer particle before the coagulation step is between 6 and 7.

29 Process according to any of claims 11 to 14 wherein the pH value of step b) is at is adjusted by
addition of ah.aqueossdiuffer solutienyRrocessracdordingt id ckim £5 mihierein the@guEious buffer
SO|UtICiI‘bIS an aqu99H§rphPSQ%at§,bugﬁgz,seg)(l}{MZed that the polymeric shell layers

comprises methylmethacrylate.

10. Core-shell copolymer impact modifier particle according to
claim 1 teo 8, characterized that the gradient polymer

15 comprises styrene.

11. Process for producing an impact modifier comprising following
steps
a) synthesis of a core shell copolymer according to any of
20 claims 1 to 9 by emulsion polymerization
b) control and adjusting 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 and

8 by addition of an aqueous electrolyte solution

25
12. Process according to claim 11 wherein the pH of the latex of
the core-shell copolymer particle before the coagulation step
is between 4 and 7.D5.
30

13. Process according to any of claims 11 or 12 wherein the pH of
the latex of the core shell copolymer particle before the

coagulation step is between 6 and 7.

35 14, Process according to any of ¢laims 11 to 13 wherein the pil of

the cocagulation step c) is between 6 and 7.



Process according to any of claims 11 to 16 wherein the electrolyte used for coagulation in step c) is
magnesium sulfate Process according to any of claimg 11 to 17 comprising an additional step d) after
c) wherein step d) is adjusting of pH value of the core shell polymer after the coagulation step between
pH 6 to 7.5. mpagt madified thermeplastic compesition.canprisingat leagtones thermoplastic polymer
and a core-shell copolymer impact modifier particle accordingbto any of _claimsfl to 10 . Impact
modified thermopVaf’thl‘éec&ﬁp%gﬁ%r%oﬁpr?stind%\tTéiélgt%refedthé?rﬁgglégﬁgrbo?ym%? and a core-shell
copolymer impactmbdtkfierspernticieonbtained by a process according to any of claims 11 to 18. 21.
Impact modified thermoplastic composition according to any of claims 19 to 20, wherein the

thermoplastic polymer is chosen from poly(vinyl chloride <%PV(E%, E%I%esters as for exa
(

|
poly(etfylenttere pREFALE) (PETI5P36 ol btk terdbHtaiat )orpRRISHE ac%r{fn Pe

(PLA),polystyrene{P8)palycarbonates(feClspolyetipiene, polffrethytrhethacrylate)s (meth)acrylic
copolymers,thermoplastic poly(methyl methacrylate-co-ethylacrylates),poly(alkylene-
35terephtalates),polyvinylidenefluorideles pon(vinglidenthoride),Eolyoxymethg/l_en(BPM)
semi-crystallilepdiyRTides ARTOhts polyaYdes, Fg+ms 117 to'le wheréin Lhe
copolyamides,polyetheramiges, polpestéramides; .depdlymeis of strenke andaayieitnie (SAN),and
their regpective mixtytes. 522. Impact modified thermoplastic composition according to any of

18. Process according to any of claims 11 to 17 comprising an
additional step d) after c¢) wherein step d) is adjusting of pH
value of the core shell polymer after the coagulatiocn step

15 between pH 6 to 7.5.

19. Impact modified thermoplastic composition comprising at least
one thermoplastic polymer and a core-shell copolymer impact

modifier particle according to any of claims 1 to 10

20
20. Impact modified thermoplastic composition comprising at least
one thermoplastic polymer and a core-shell copolymer impact
modifier particle obtained by a process according to any of
claims 11 to 18.
25
21, Impact modified thermoplastic composition according to any of
claimg 19 to 20, wherein the thermoplastic polymer is chosen
from poly{vinyl chloride) (PVvC), polyesters as for
example poly {ethylene terephtalate) (PET) or
30 poly (butylene terephtalate) {(PBT)or polylactic acid
{PLA)Y, polystyrene {P3), polycarbonates (PC},
polyethylene, poly {methyl methacrylate) s p
(meth)acryiic copolymers, thermoplastic poly{methyil
methacrylate-co~ethylacryliates), poilyf{alkylene-
35 terephtalates), poly vinylidene fluoride ‘ les
poly(vinylidenchloride), polyoxymethylen {POM} ’
semi-crystalline polyamides, amorphcus polyamides,

semi-crystalline copolyamides, amorphous



claims 19 to 20 wherein the thermoplastic polymer is chosen from polycarbonate (PC) and/or polyester
(PET or PBT) or PC or polyester alloys.

30
copolyamides, polyetheramides, polyesteramides,
copolymers of styrene and acrylonitrile (SAN}, and

their respective mixtures.

5 22. Impact modified thermoplastic composition according to any of
claims 19 to 20 wherein the thermoplastic polymer is chosen
from polycarbonate (PC) and/or polyester (PET or PBT) or FC or
polyester alloys.



