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Pol ymeric Fibres The present invention relates to a polyneric conposition

and a nmet {efh k3¢9 oduci ng a pol yneric conposition, in partpuGee/m4ss
conposition including a polyester and an additive polyner, and a nethod for
producing a polyneric fibre. In particul &, although not exclusively, the

i nvention rel at m“\m\“mmmpd for producing a polymeric fibre by a high
speed spi nni ng mmm@ i ous nmethods for spinning polynmer mxtures are
orof iabt ity of thaani nni ng. procenineprareireend L2 IMENMAY "

I ncreasi ng the speed of taking up the spun yarn and the exteph;s@f the

resi dual el ongation of the resultant rn. |f the speed of taking. t he
lspu_n yarn i §‘r}fencp’é§{§88tt HEY H¥h o%ﬁﬁ‘gaaro?s rrt?t aex??ﬁﬁ&%r?’?oﬁlog‘jp?gilgﬁgpet is
typically ing{fasedmebBWEVESE IHITRRINGY hhepd BkfeDe SReffbdsi Gl y in

enhances the nol ecul ar orientation of the spun yarn which typically results
in a redsctiparofcubarr esi donposisagat | PNCoRALnG raspekyestewdr ai\mi\ y&fn.

Consequent |y, e, efficiency of subse t aw . dra rLzing
step may be XF aB° H@e\épuﬁ arh T@%&g@l F%Qp&é%é@éelsr% %’o?@?%ﬁ&m i on
at break comgigRd, tora ypeirtweuchr,s spihoiigha Imwer epeddsiselegnti ahehas

therefore been focussed on spinning polymeric mxtures (i.e. a polyngr and
addi tive poliientieonf sedesest Hie MQ’SX@ ther predicdng nggReLYBESAGat i on

pol ymor i t S LR R B SR o Bt O R S SBES Ve pol yrer .

Consequapt |y, a higher stretching ratio for production of the final yarn is
said to be W) 02/063079 2 PCT/GB(12/110-45S possi bl e thereby resulting in
a hi gher pr OHRICIPYS t ebhotRe 9% n?é%‘ﬁ”&h‘?t.pO?yR‘er mixtures “ate’ Known.

Typically, these methods focus on increasing the
productivity and profitability of the spinning process by
striking a balance between increasing the speed of taking
15 up the spun yarn and the extent of the residual elongation
of the resultant yarn. If the speed of taking up the spun
yarn is increased then the amount of melt extruded from a
spinneret is typically increased. However, increasing th§
take up speed typically enhances the molecular orientation
20 of the spun yarn which typically results in a reduction of
the residual elongation of the resultant undrawn yarn.
Consequently, the efficiency of a subsequent drawing or
draw texturizing step may be reduced as the spun yarn
typically possesses a lower elongation at break compared

25 to a yarn which is spun at a lower speed.

Attention has therefore been focussed on spinning
polymeric mixtﬁres (i.e. a polymer and additive polymer)
to form symthetic fibres that possess a higher elongation
30 at break in the strand at a particular spinning speed
compared to the polymer itself which has not been modified
by an additive polymer. Consequently, a higher stretching

ratio for production of the final yarn is said to be




It is also recognised that the productivity of the 5 spinning process
depends on other factors such as: the thermal stability of the polyneric

m xt ure awd d2heszoresul ting yarn; the availability and cost rfr/¢Beaddi tives;
the requirenment for conplex and expensive high speed production facilities;
and the ease by which the 10 spun yarn nay be subjected to secondary
processes, such as drawing and draw texturizing. A particular technical
probl em associ ated with processing and spinning a polynmeric m xture

conprising a pol.yest 15.and a l.yner, _addit.i i infd t he
additive poP?%?ll%ﬁlﬁo i"teﬁ(?btyhé'leﬁ%&% Soit fy h&fg\ﬁt%ﬂ:e p%&f&;}%eéﬁq{:l#%rtg{%uri ng
processi ng gﬁqnhaggrggghtant fibre product. Typically, the required
processing tenperatures of a polyester is considerably higher than that

necessary to 20 process the additive polymer. Consequently, the additive
mat eri al may degrad [ I Q&%"n syldd NG idud e Pioduct £ oncré

wvol atile spééi eg',s t%&%:abbyr]ﬁ%g% ﬁ'ng hg:h(?\r/tgrﬁ . e%ﬁdg ency o@dt he spi nni ng
process @andgpavinigicp pedeéesenideperidseconumitherhefachalkspranitict asDegtheat i on

of 25 the additive polyner. may adversely affect the thernal stab'lit% (e.qg.
| over the tk&exmelst AHaBIIBLY ¢ HRE nebR&ni PRLYBREAET ¢ FEXTATE « P Yppeifance

of the poly %h‘itr{';rgurfafﬂﬁ t%gor%@ﬂé{@mqbn R | cebaE, &Or agaéi on

of the additive material nay produce a di scol oured product 30 yarn which
woul d rendeaddi¢ iyamns theh-se@uiioeenndfor woubderec@skiaxnentye ekighn
during dyeing. Suitabl the qverall .effect resulting_fr t .t her

i nstabi | i tysgﬁegnepﬁagg‘ﬁ%‘énp%iﬁ%lt&tﬁﬁ;oraflﬂe 5t yﬁgf"lecqggfxpﬁlrléhl SE‘E& VO
02/ 0G3079 3 BGH GRtPhial eSSulbrécase ia ddeomuarl protéssesncyuch sbe
yarn produci fig process. A The present invention therefore seeks to solve
the 5 af or edanamiicyge @nsk cidawhd- a8 UGIZAN with the production of fibres from
a polyester, in particular a polyester including an additive polyner.
According to a first aspect, the present invention provides a conposition
conprising a RpAMesdElarnfedindcaY! beopleyimaissodiatad with aprgtesspogymer

has a thermal "degradation tenperature of |ess than or eﬂual to EQSCE Such a
conposi ti onansl r 8PERREATt @ hRPLYREF L€r THXHWE 15°WBHHELTFE 6h BP¥fAE FFesent

i nvent i 2 g%gqéfg%ggﬁgggggpggbd}ﬁav@,e%ttﬁ@vgmaen%@e@ tonsohuaithoe

af or ene ens relating to the production of polymeric
fibre yarnspqiameculumpdry theoltiestmal fisrabikitiy. ¢A phhei coPavmerhe

ot PRSI E YRR, ol T PR CRULD BRUSREC
of the pf“%ﬂd&‘ﬁi}ﬂ OntHe trdthentdy ipRXPessing teempetateresui babl y, the
conposition t he
polyester is considerably higher than that necessary to
20 process the additive polymer. Consequently, the additive
material may degrade during processing, resulting in the
production of volatile species, thereby lowering the
overall efficiency of the spinning process and having a
detrimental effect upon the final product.' Degradation of
25 the additive polymer may adversely affect the thermal
stability (e.g. lower the thermal stability), the
mechanical properties and the appearance of the polymeric
mixture and the product yarn. In particular, degradation
of the additive material may produce a discoloured product
30 vyarn which would render the vyarns sub-standard and/or
would necessitate correction during dyeing. Suitably, the
overall effect resulting from the thermal instability of

the additive polymer and/or the polymeric mixture is a



25 present invention may be spun at increased take up speeds to produce a
fibre having an increased elongation at break conpared to the pol yester

al one not woediégewg the acrylic A polymer. These factors nmyreBeMloiss N an
overall increase in productivity of a process for formng a fibre fromthe
30 conposition of the present invention gonpared to the unnodified

pol yester not including the acrylic polyner. Mreover, the conposition of
the present invention and/or the resultant fibre forned t herefrom nmay have
a thermal WO 02/0(r3079.4 PCIT/ 2/ Ll SS stab i th i Lmlar to
that of the dRFFSRSST et psPFe ST #1 ?Pa?l?ﬁ;ytﬁ &&¥ IY%}%0§§§8{;|?E$HUS
thermal degradaidgy of the conposition of the present invention may be
avoi ded or l'essened during a fibre form ng process 5 thereby resulting in
an increase in the overall efficiency of a yarn producing process.

Mor eover, co n i ti th | agt,cal |y
.processed uﬁgber gg%%étgnsgé‘r’n%ﬁg§§ %Btefﬁg%%%mgéfeﬁ%é %‘Fyeg{’g?gt hg?%b

negat i ng st hey frasshdr iGrtkd ypﬁqlbllaﬁenhsfsablhaear ededsivige tpeodmopmsnt p@in of
the present invention. By the term"therngl degradati on t enper aéure we
mean the t erffidiasur £EPByed13501XESHRTeh tife RAIGHIUIRY yndr RBIYVESESHeat ed

i n accordancg AV 15 procedures described herein, so
that the wei 3}1#“4]“{432""%% I C Ié}r;;ieirhﬁrecreases by greater than or equal
to 1% by wei ght based on the or| gi nal wei ght of the acrylic polyner

measured at _135C.  Sui tabl Y, acrylic i s heated

per m nute. BEFRAINE yEOt h@ " &I’réﬁsﬁal atlgf*fate}?rﬁ%?ﬁfl re;ngpngﬂ.on
acrylic,gol yWrtvided hay CcUBMgId il tabrDf 6&?\%&%@. st & n diiters ER@EsUBed by
t her m)grlaw et r\lrlc eanal SI s using a TGA 2 pey

50 i nstrunent sugpl ied by TA
| nst rument s afryloige B 3 \zmneml\ehﬁ@@malcmo&mee 9928, thgrmad v,

}B(ran;?g\ ég?? %‘%‘s % %%%éf%‘ﬁgf%maﬁfe Sr(%\r/n I Pst r%-&gﬂn?!t }sfélhg\gngg?a fully

encl osed heating elenment. Suitably, the TGA 2950 instrunent is calibrated
for 3o terrperature usi ng sanmpl es of alunel w.re and nickel _wre supplied by

TA | nst runerfuch S@ t §BMposs tdioRy| éscyFFﬁﬁFF%‘él SPaeF pta ke athe B ylic
DPLEL AP GRS B4 O (g dgeheh I on ergse secl ons
pan and | oaded into the EGA fur nace Suitably, the TGA 2950 instrunent is
purged LN (T O9ER 198 24! Bt 2L ol OBuilobromabes 88 e
the aforementioned technical problems relating to the
production of polymeric fibre vyarns, particularly
20 polyester fibre yarns. In particular, the fibres produced
from the composition of the present invention may be
suitable for stretch texturizing and the acrylic polymer
of the composition of the present invention is typically
inexpensive to produce. Suitably, the composition of the
25 present invention may be spun at increased take up speeds
to produce a fibre having an increased elongation at break
compared to the polyester alone not including the acrylic
polymer. These factors may result in an overall increase
in productivity of a process for forming a fibre from the
30 composition of the present invention compared to the
unmodified polyester not including the acrylic polymer.
Moreover, the composition of the present invention and/or

the resultant fibre formed therefrom may have a thermal



5 and 90 percent of the flowis directed to the furnace. Suitably, the
acrylic polynmer is heated at a rate of 5C per mnute fromroomtenperature
to a maxi moMic3&@0C and t he wei ght of the particle neasurgdrgBidooissre. A
plot is generated showi ng the decrease in weight of the acrylic 1o pol yner
Wi th increasing tenperature of the acryl#c polyner. Any weight |oss from
the acrylic polynmer in the tenperature range of roomtenperature to 135Cis
representative of noi sture evaporating fromthe pol yner and such val ues are

not taken |n§:ﬁk?gL %é’d on for s]ﬁuq?i:er %nl Eﬂa{:he %Egﬁﬁgrrpera &gﬂé n

t enper at ure gr *fdationténperattre i s ure a

whi ch the weicghlestlert heotaciiﬁdzlﬁdi)ﬂgyﬁhé deeytdse pdlyngreat Biug hahenma]aqual
{0 1% based on the wei ght of the polyner, neasured at 135C. 20,1t w |
t heref ore béleaﬁﬁldé'&lé’trbdoﬁy o sEORRPFLEHOR n Athet B ¢ Ptrl‘%?tenc%el?ﬁ%’t‘%ﬁm

degr adat i on V004 8P ebukheaPalynh o dfiadorpoRisg Oprabebbe

present invention eterm ned I n accordancé with the thernogravinmetric 25
anal ysi ss neﬂ:h@d'edhysa:teimﬂd:ﬂreg eim ars inqresdd ylmdth@fcb*eerebllbgfﬁnaiency

f ' I I h 3%b h
vaior) that Sfa BT CREAOFARPREXREFRT o NESANEE ! 0P BRI HE O

acrylic pol ymr hassént henhntdesy asdf i B toMioy1dst idal B Spioagssedequal
to 295C typicall'y ensures that the thernal stablol%fty of the cl()) osition of

WO 02/(1c30md@rpc¢p®@zﬁgns~samph@y9des@n |trh¢enunmﬁd|1§1@§hpa@ egstes that

of the unnodifi tabl he cryli oly th
degr adat i onq:? er a’%{% %?ggr eat r%lei'ua&n orgeqﬁlafﬁff% 7%%5 é}‘n?)é%@sw ?abl y
greater 1bha®x@rce%%liaig t’dheWc%EapdEﬁﬁirﬁtﬁfy e isditanowvergloh. to 273C,

preferably greater than or equal to 275C, nore preferably greater than or
equal to 278C, preferably greater than or equal to 280C, to especi ally

greater thag hak [ y ﬁ@é Ader gggr adation
t enperature Xz%e%sséé%uan %)réegg‘%gl %g%géegggreq%e abl tﬁeés]s arpl or eggal to
294C, pref ert&lnippxiae:ssret telvove 23EaC &6 whlz'hs(t,herrcacer)plm epablnyeresgsthan

| to 292 L1y | h ! 290C, A t
o1 eTorred RS e SRER ada o TERPAATGr e oF it hd R PIEBRBS A SPEE Lt o

than or ;8qualrdcRa48%s 28eaBeibess KW oS @@uaihé@ 29QC, wesgRrei ajf ytR86C.

Sui tably, the thermal degradation tenper ature is the t enper at ure above 135C
at whi ch t hecayiyila eelyyeer degseaseshéea a:mart%zz:cbhaan@é vequpk heo 1%

e oo ) 950355 EAL o CERRT SARE! BesShe BE LG vEbODNSgY (e

2. 7% by wei gilymerefmeaphyetieas tizsrd. SQubyahlEyghlthaaraEEyhbd:ypbéymetrhan

1. 3% by VVmghtheated at a rate of 5°C per minute.

20
Suitably, the *“thermal degradation temperature” of an
acrylic polymer of the composition of the present
invention is measured by thermogravimetric analysis using
a TGA 2950 instrument supplied by TA Instruments of 109

25 Lukens Drive, New Castle, Delaware 19720. Suitably, the
TGA 2950 instrument is fitted with an evolved gas analysis
(EGA) furnace Part No. 952351.901 obtainable £from TA
Instruments having a fully enclosed heating element.
Suitably, the TGA 2950 instrument is calibrated for

30 temperature using samples of alumel wire and nickel wire
supplied by TA Instruments. Suitably, a single cylindrical
shaped pellet of the acrylic polymer typically 10 to 20 mg

having a length of 3mm and cross-sectional diameter of 3mm



preferably 1.1% by weight, especially 1% by wei ght based 30 on the wei ght
of the acrylic polyner neasured at 135C. It will be appreciated by those
skilled i wgémeasd that the thernmal degradation tenperaturrcE&EBI@IECrylic
pol yrner WO 02/ 0C3079 7 PCT/ G B02/110-aS is representative of the thernal
stability of the acrylic polyner. Sui t ab? y, a higher thermal degradation i
tenperature typically indicates a nore thernmally stable acrylic polyner. 5
Surprisingly, it has been found that the thermal stability of the

conposi tionj@f phgcéAvesti @n, pPatingw! e;séry aind elpadatur éntangeise sBAA as
280C to 310C used to process polyesters, pically increases with add| t | on

of an lo acfyrhacpel wmdtabdvi.nghe (T @?5‘%@%@!&@%% &fp SEGGe W

i he af orenentoned r s, rather t y Vi r mal
degr adationnf‘tﬁﬁgFQt gfrgq,% excgels?'rsw %%@ a@d % ggko@h#g% e%%eg:tﬁgt]ﬁat an
acrylic pol mﬁge&@\émg of hilghef1dwet eredidegredatbonheeadrataer elmmherd 5
-greater than 295C woul d produce a nore thermally stable po&1 Ic mxture

when added @8da %I9€§€§Pt fpRed fhoh B ddrfrtedpdignere "ﬁba%? 1 ower
t her mal deggggggw? ??Eeerﬁéwﬁ g%cgl E8SiEhaR Qe de%@' t @ag@5Grangk
Wthrn the above defin r

preferably nges, partlcul arly 20 where the
pol ymeri ¢ nmpaiuménuseusadn aopmtenperaines typiac alaxjimm it @rand anges

of 280C to 3100 In fact, the o te effect ap rs_to ex U|Iably,
the anount bRet peigRt o%fgr'é]a%t P8 6F5‘SHW ed 2’2 %bl e - h atpét?%

specific te ﬁ%@%ﬂ%@ fﬂio@l t tRE it ¥add Mni wedlohe tyPi edll Yacryllc

r epr esent at t he ther stability of the polyner. Suitably, a |arger
decr eas®0 i npohymeei ghwitth aiporgssingt &emperiatiure en@ﬁrattllj&ee AFY hi G et

LT per! odbibhesl e pige fobeot LIEVIN | 1c a0 BLoRLS ALY IR cne
present inveamperatrer hesiddg 8f réom 1kHnpeihtufe PCEOGBAASE D Lt 15
representative of moisture evaporating from the polymer
and such values are not taken into consideration for
15 determining the thermal degradation temperature. The
thermal degradation temperature 1is the temperatui:e at
which the weight of the acrylic polymer decreases by
greater than or equal to 1% based on the weight of the
polymer measured at 135°C.
20
It will therefore be appreciated by those skilled in the
art that the thermal degradation temperature of an acrylic
polymer of the composition of the present invention as
determined in accordance with the thermogravimetric
25 analysis method disclosed herein is typically not affected
by small quantities of moisture (approximately less than
or equal to 0.3% by weight water) that may be present in
the acrylic polymer.

30 Suitably, if the acrylic polymer has a thermal degradation
temperature of less than or equal to 295°C typically

ensures that the thermal stability of the composition of



295C for 1 hour decreases by greater than or equal to 100 by wei ght,
suitably greater than or equal to 11% by weight, preferably |less than or
equal to Wwpodawsovei ght, nore preferably greater than or eq@ElcBex/hd%% by
wei ght 5 based on the original weight of the acrylic polymer when initially
measured at 295C. Suitably, the weight of the acrylic polyner of the
conposition of the present invention after heating at 10 295C for 1 hour
decreases by less than or equal to 20% by wei ght, preferably |less than or
equal to 18s by weight, nore preferably I ess than or equal to 170 by

wei ght, nosther epeeabhy | ésvenhannor iequapmpsrableby tRei §Hathafdd & he
ori gi nal wei ght og.tge airélhé pol ymer when initially 15 nmeasured at 295C
Suitably, t#EMAdLEHEdPOLREPRET - degradation of a pol ymer heated at a
specific tenperature for a set period of tine may be determ ned by

t hernogravi netric anal ysis using a 20 TGA 2950 i nst rurreni d EGA furnace
as descri beBuhbabid, Siia aBFyylifie PRENTEIS0NRRSE uRRRTTR a;?ﬂféag%’tw

ni trogen hayin rage m i aut that Jdfge®f therd | ow
is dire edt?rgg?%%ggg%vangé cﬁ%ﬁ%ggrangﬁ)g%%r%f tﬁuﬂ)ow Is directed to the
furnace. Suibtiabhplya giregter25thghi ndri cakquad! | €o of27217€ polprefierEbknown

wei ght (typically 10 to 20 ) _having _a length _and.crosssectional_ dianeter
of 3mmis poreadesnthapl i ggﬁiagaﬁ i7eh Grs BrSLEERN t@rtq?e%ege}q}acﬁ nace.

Suitably, t I I+ i I ag1at HE N Weah Ooa npes at ur e
of 295C. m%@lggeqsgr?p#e?adt%rp[g&%sﬁfggghgd gg Cthe initial OWei ght of the

pol yner is peseCdedprdfariaiyat @o&até¢s cohannuar ovedual spdd fi2BQEFi od,

typically 1 hour, d the final, wei .af the polyner WO U2/ UG3079 9
PCT/ G /tﬁFPFQlaﬁXOEHEBFce’Fh%hBPT gg%e ¢e between the final and initial

wei ght of the polyner divided by the initial weight of the polyner
expressed as a percentage provides a value of the decrease |

n o9 of the
pol yner bas8dibabite ithe i aFT¥ightPELYBeE hBagold mEReKRadur %éyé%@%@(e. g.
t he amount of ther degg a i.0 t p r) epgh, ipned
above, the g@F\?Fi—ngrE%Fyrr(gff g%%tshgt%%%sg%t ? %/igﬁtitoonAbrrgé g)%hi ??fgfée]%tgr
than or equakskoth8a &2 weiuglt tooeDaritsn hesfearhidly 235G fharl douegasl
determ ned in accordance with the thernggr avinetric anal%si)s matg ?:.
descri bEd h&PeidP3 1§pi PPy RIRESHARNY dfSEhet 8% t$BHof Hhe g eSent
invention a ] N urJdegyegses by | ess than or equal
to 0.4% by %ﬁ%ﬁ?sﬁ%g g?g er%gl%%yqugggu{&%ar?cﬁr equal to 0.35s by weight,

preferably | ess than or equal to 0.3% by weight, nore preferably |less than

or equal to_0.2% b i ght, nost _prefer,abl e .9 % by
wei ght based cﬁ?ﬁ%ﬁ?@%aprﬁgﬁéﬁte%oﬁtﬁ%lﬁ%%rr%%gl&{glﬁc%ﬁqgfn tﬁ%h%%ggéﬁ?e/zo

i nvention when dnd td@ty Vi Fepslymdrat s2@atSy prhanngky equalhdso b2eh°Cound
that the decrease in weight of the conposition of t h@épre ;21(;5 i nvention due
to therd®l aagraessi shapy e 8NP Id&S EREE MitPEHEG si?rPgsf’e " t her nal
instability of the acrylic polynmer e.g. increasing chain end unsaturation
and/ or increasing weight loss of the acrylic polyner at 295C. Suitably, the
conposi ti onsefithbdypr ethe itheamtdlon drgmadition atemperatuseabisi t $hehat

e Ol ol TOHLL) £, POl 0L LA RSy 2 ©
invention aj,e.a spegiddCc SR NRidKbaRAREE with the thermogravimetric
25 procedures described herein, so that the weight of the
acrylic polymer decreases by less than 2% by weight,
preferably less than 1.7% by weight, preferably less than
1.5% by weight, preferably less than 1.3% by weight,
preferably 1.1% by weight, especially 1% by weight based
30 on the weight of the acrylic polymer measured at 135°C.

It will be appreciated by those skilled in the art that

the thermal degradation temperature of the acrylic polymer




WO 112/ U13079 10 PCT/ GB02/ U| ~sS typically exhibits a higher elongation of
break than a fibre forned fromthe polyester alone at the sane specific

spi nni ng syeexle3wi t ably, the overall efficiency of a yar np@r/egesifiss
process enploying the conposition of the present 5 invention may be

i ncreased, as thermal degradation of theyconposition may be avoi ded or

| essened during a fibre form ng process. Suitably, it has been found that

t he amount of chain end 1o unsaturation of the acrylic polyner of the
conposition of the present invention is typically indicative of the fhernma
stabil ity ofstmwepxesgntatizeymf the thewpr]l RR8RALLBEY REsEN&i2FBH 1% the

art that the therpmal s i_hiy, of rylie yme Ktic :
IenperaturepP;X88§'such a§§x§80 ?% 31ng§§%d t%igfg%éSs 3%%%ég§€§§8n
decreases agehperedegree ©fpidel Iy erdchdinsates adi awrencthaswalliKahstuwiyle et

al . Macronol ecul es 19, 2160-2168 (1986)]. Surprisingly, it has been found

t hat the théﬁﬁﬁﬂl§t§§iymﬁy-20 of the conposition of the present invention
typicallg increases with addition of an acrylic polyner additive having

i ncreased chain end unsaturation. According to a second aspect, the present

i nvention 25uppedsdegly,cdipbsist beerc dyuridithata i yEwemahnetapli htvyl i c
pol ymer, wherein_ the acrylic,polyner S greater.than or_.equ 1. 09
chai n end uﬁ§atGP§tiGﬂmpéﬁéElgnco%%osgﬁ?onl?ge%fé%nref%ﬁ?%ﬁcﬁ%a%g¥ei%ggs a
30 COWPOSitEQRg%&aEﬁ%eP&%ﬁ%?Siéﬁ@ﬁ“é@”za&Y@i€@|b10°thQuQﬂﬁjmbepﬁocess

unsaturation results fromthe termnation of the polyneric chain by
di sproporti poayestersWwO (typifceldyr9 incregse02rdih-sadddddiaionsehndais

typified by the_presence of vi.nyl i de p i n
Consequeht | #STEe P %%tﬁFHéPéaé%y€5%9%§¥y$%§§%§%ﬁ$§4i%ﬁﬂﬁ?ﬁ gpre
t her mal st abijlkiine W0 UL foperdtie tonete raieyem| | yashabl ehpal yarer acrylkeur es
5 when added to a pol yester conpared wi th counterpart acnYIic,goI%ners
X

exhi bi ti ng Pek¥merhdrYEnds fafinaiiads degF idHeroThor FR o gy ™ EEShat
B o e
having a higher thermal degradation temperature e.g.

15 greater than 295°C would produce a more thermally stable
polymeric mixture when added to a polyester, compared with
an acrylic polymer having a lower thermal degradation
temperature, e.g. less than or equal to 295°C and
preferably within the above defined ranges, particularly

20 where the polymeric mixture is used to produce fibres

typically at temperature ranges of 280°C to 310°C. . In

fact, the opposite effect appears to exist.

Suitably, the amount of thermal degradation of an acrylic
25 polymer heated at a specific temperature for a set period
of time is also typically representative of the thermal
stability of the polymer. Suitably, a larger decrease in
the weight of a polymer at a specific temperature over a
set time period typically indicates a 1less thermally

30 stable polymer.

Suitably, the weight of the acrylic polymer of the

composition of the present invention after heating at



to woul d produce nore thermally stable polynmeric mxtures. In fact the
opposite effect appears to exist. Such a conposition is also referred to
herei n aswde/weseposi ti on of the present invention. 15 By méglgBe/@issacrylic
pol ymer having preferably greater than or equal to 1s chain end
unsaturation typically ensures that the 8hermal stability of the
conposition of the present invention is conparable to that of the 20
unnodi fi ed pol yester. Mre preferably, the acrylic polymer has greater than

or equal to 29 S rea Noe |aIIy
greater thaﬁﬁgr E% 1 I?l Sl d‘%%r%a%ng %?;#%gte%r?%%?& er acé'}asl Zl%r ylic
pol yrer hasbyeSﬁemaa orseﬂualblyo g’aﬂ%temre:.‘rmmf exrableguha% bo 251%esb,y nor e

preferably i 2% or |ess, nore preferabl 9% or i% referabl 6% or
| ess, especW&PB?tS%Rﬁef%’é%bJéhaiﬁsén& f%r SFIPB ARy, “ﬁﬁ’@ Crylic

pol yner is ﬂB‘i}%pt pofyes eg%éteéo ﬁﬁ%a‘éEWécﬁ;aDP' xeserlse sybsparyhal | y

imm scible wt the term"substantially inmmiscible" we

i ncl ude $ habaaedt hun stphanonggt.aaﬂ)elw&u.gm afypikal kgreddct PAWIET twhen
acrylic poI ns_a two-phase vvlth t he WO 02/ 0G3079 12

PCT/ GB02/ 00 glagﬁ.yegx[e@lspr Etsth@g% at the spinning tenperature the
pol yester forns a nolten matri x having m)l ten acrylic additive pol yner

di spersed therein. M croscopic exam nation of such a nelt shows a two phase
systemin SSwhﬂ:@hltYhe |trhﬂ sé\lemgéltacrqﬁ i chsol wREYLic | Pekanelr b &R®pl et s

or gl obul es y Iy n o] S

pol yest er n'EP p| ca ]?% l#r%%%e% fﬁ%g‘stlgg’sd arate‘:teggﬁe?%%g?ﬁg at
cylindrigal 2a|5dt:orfoe+ kT ﬂﬁﬁlrdﬁedﬂea&d%’spday I\MS prhﬁrercatbquuahetdozm by
dropl et s/ gl obul es are spherical _and/or, el li psoi dah in shg Sui t% the
acryl i c addieigBtpol exably sdpgfattdatht ¥ y NG y &5t ¥

As mrenti oneq br?r@gﬂx}ée}‘asly‘ éétl‘ﬂg&%xﬁ'% afublecnr Q%ntb}l%é@%‘t'@@sﬁﬁy be

formed into ten conposition through a spinneret
and t aki ng pmefleeabdyul 1o thbnesmrﬂzqual weadd6® Typi velioht thesedideri ve

wnder i5 | BoEn@TENRAE e o oF 3o SgRSRIr PO e ey S bEaFRe” ©

dropl et $£ 9l ghukescd aitheoaddi.ti ve do not form rod- shaped i nclusions in the
freefall fibre. However, the formof the additive in the freefall fibre may
change when the fibre is taken up onto a wi nder. Suitably, when the fibre

|s taken upg %%bayw L Fnobhe a3didhetdByalgrdunedonhaned | AEtysLENS.

Pref erably, e ac doés inclu rquld cryst yner
i.e. it doemeeem Rt e asp@a:ﬂ.:smrbqampemturenfbh'eal eaqtermmcai rcafngialme

e e CQIROSLL T QL Ot S0P SRS R JELL Wt s
20 TGA 2950 instrument and EGA furnace as described herein.
Suitably, the TGA 2950 instrument is purged with nitrogen
having a flow rate of 100 ml per minute, so that 10% of
the flow is directed to the balance chamber and 90% of the
flow is directed to the furnace. Suitably, a single
25 cylindrical pellet of the polymer of known weight
(typically 10 to 20 mg) having a length and cross-
sectional diameter of 3mm is placed on a platinum pan
which is 1loaded into the EGA furnace. Suitably, the
polymer is typically heated at 50°C/minute to a
30 temperature of 295°C. Once the temperature has reached
295°C the initial weight of the polymer is recorded.
Heating at 295°C is continued over a specific period,

typically 1 hour, and the final weight of the polymer



WO 02/11G3079 13 PCT/ CB0211111~55 Preferably, the acrylic polyner includes
| ess then 2% by wei ght of a styrene polyner. Mre preferably, the acrylic
pol yrmer i p@ epAR30oess than 1% by wei ght, nost preferably |gsggBbniss 5% by
wei ght, of a styrene polyner. Especially 5 preferred acrylic polyners do
not include any styrene polynmer. The acr¥lic polyner suitably includes
honmopol ynmers and copol yners (which termincludes pol yners having nore than
to two different repeat units) conprising nonomers of acrylic acid and/or
alkacryllc aci d / or I . u er tar m

"al kyl (aIk 38?§?§g tﬂ%?e?éﬁ¥er%%fﬁéﬁséﬁgé%ﬁrH@%ﬁo%gﬁﬁg a%?? é%gﬁgfg

al kacryl at ewgshBE, ofhthe podymwerabiliyitiedneg thenumhaladrmesgmmdmﬁgténiyl|c
or 15 al kacryl1c acids, respectivel | n ot her word the t

(al k) acryl apelymereﬁs{PF@S&e@h@rS &h %?Wn%ﬂ%c??‘?‘é%éé%r aNa Pﬁylo % at e.
Preferably, yl(alk) ~gC a I ia1( Geil al k)
acryl ate. EQ%%%F%%EO " h% % E#E P%l?%ﬁge%g%e?ﬁék%$£§¥J{%ﬁk)acrylg%gi

i ncl ude set byl , the h)pqumq:xr oprelasumekiut#t 2950"Cbut(>eI g.t ethepangeunt of

i so- propyl, entyl hex cl ohe eth hexyl, heptyl, octyl, nonyl,
decyl , isodE 9Fma&nﬂ€ §%da&&§8092, %?iggéyw,¥?etradecyl, 25 pent adecyl
hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl, behenyl, and isoners
thereof . The al kyl group nay be stralght or branched chai n. Preferably, t he
(Cl1C22) al kmtgmgp,rmesemso@ec@ CaboB}, althg apwhi @sPaé¥TaEd ofbdhiEe ' nore

O oupe.of "t BECRERS] “reRy 6P Ribe SEBie She i B RO %“*" "

i so-propyl, waibukylodssaHui Meatderd taburgbsCcpeokyh, hrwzylas et extrebaye
2- et hyl hexyl heptyl, octyl, nonyl decyl and,isong OZ/%W%
PCT1G Bozlomssaqm@eﬁce TWét | b@ro’é&%ﬂﬁ%@l‘%\él‘g??ﬁ%ahe Y§t&n g al n

Preferably, jthe (ElyC gfy?ﬁ%éﬂ%eéﬁ?t Fedghtlo®)tr Kol Bfon
defi ned above, “more pre era )l group as defined above. 5
Pref erabl y, ofhehal loylesealtk )invengliare afsexr hebtdsg aatkya95( ¢ daea)l drqyr

acryl ate, nost refera al k net r I Wi |
app¥eC|ateddFﬁ a§ﬁ§ thﬁr?E%én)gﬁ%Rylo¥ne% 2 g?gt %éfer Wéégﬁﬁer
(C1-CQ gl %: &1y atiedy (HailCA) et kykqgirihagey| at.@5sExaspl euseiaght
(CICA)aI yl neth)acrylate include methyl methacrylate (MVA),
nethacrylat@reﬁwmﬁleLpleﬁglIﬂﬁﬂha@ﬁyl%&%ﬁ%FﬂM@ Oréépﬁﬁbyweﬁépﬁach?%?e
(IPMA), n-but ne acryl ate ) i S I t hageylial e )
Lert.butyl H.gtei/esé HEWY or SOQWY! LBt §assY Y eweiBNB), . most
preferably less than or equal to 1.5% by weight based on

the original weight of the composition of the present

20 invention when initially measured at 295°C.

Surprisingly, it has been found that the decrease in
weight of the composition of the present invention due to
thermal degradation typically decreases with increasing
25 thermal instability of the acrylic polymer e.g. increasing
chain end unsaturation and/or increasing weight loss of

the acrylic polymer at 295°C.

Suitably, the composition of the present invention
30 exhibits a thermal stability that is similar to that of
the unmodified polyester not including the acrylic
polymer. Moreover, a fibre formed from a composition of

the present invention at a specific spinning speed



i5 (TBMA): nmethyl acrylate (MA), ethyl acrylate (EA), npropyl acrylate
(PA), n-butyl acrylate (BA), isopropyl acrylate (IPA), isobutyl acrylate

(I BA), ansv@omdsserat i ons thereof. 20 Preferably, the al kacrpdt/cBagsdssronomner
is a (Cld o) alkacrylic acid. Exanples of (Cl-Cl o) alkacrylic acids include
met hacrylic acid, ethacrylic acid, n-pr@pacrylic acid, iso-propacrylic
acid, n-butacrylic acid, isobutacrylic acid, tert-butacrylic acid,
pentacrylic acid, 25 hexacrylic acid, heptacrylic acid and isoners thereof.

or of or abl ) WEHEERIY, coRbpRee” o hETht SiRpbeIA SR AFkln TR

acrylic copghpier fozmed €romlthe poleatier iad crrpalty aire coaps | smscibhoner s
derived fromal kyl (alk)acrylate, _and/or acrylic¢ acid and/ ord%%)kacr lic
acid as def PRABNRESeERSECor SUiBELYpr dher ApIeFalih e TEAGHSICE Gol § e ED

coTE e TREBHEEns, IR AR Sl vty o drsnt )

(al k) acryl ol'ymeris yl al'kacryl ate
nmononer ss as ideknoédnheregi deef meredsadci as| ghprabfér degradatiion copotlheer s

include a (Cl1-C4) ,alkyl acryl.ate non r and 5 copol yner. sabl e - C4)
al kyl (d - O@PmBPEéErl?\F{‘at‘Ba%orﬁﬁmﬁgP} mér t?Eul%ﬁiﬁ%%cgoW f Br néﬁ’??om
met hyl et thwﬁﬁ F%%e@s@po' ymeri sabl e conononer of nethyl acrylate -

and/ or ethyl acrylate and/or n-butyl acrylate. 10 Preferably, the acrylic
pol ymer conprises greater than or equal to 80 w% nore preferably greater

th |, 5 wt% f | tar t 9 %
more or of or BAGSRTTar ¢ (A BPeE BERRR, R, Che ARBuAE, RE Anddh Sl
equal t9y 97 unk¥riehieYonl 2fmiHEcdyt @l £c bpstgmen bife thel dompdgitiat dhe

acrylic polymer. Preferably, the acrylic polyner conprises, | ess than or
equal to 20theY PHBFEnSr el BVEBE§ORes3St hEYPbFaddltal 1RBLEBLIBeW 9F nbhe

preferably a : 9 1 . a a equal
to 5 wm% egg%%f“%% %tl%elbslgq”lt1£ aﬁkgrt%%qnﬁﬁﬁlﬁ%&%ﬁ%'aﬁi%l JR%IS‘%?%?k a§$§| ate,
as defined her ahoaef ka1 lwas eth orhée hart othhtwihghtt hefrntale stcalyllttyobfner .
Preferably the alkyl (al k)acrylate js an 25 alkyl acrylate, particul ar a
(Cl- C4) al iy PC&&’&&F&F@ rﬁe?i?%’ﬁth‘é‘ﬂﬁ?ﬁﬁ%f ELe?éeW&E%ﬁPEfeer‘gao‘Hﬁs t R I>/kyl
(al k) aggyl alse dep etdybrpeeyhaicd awl/ srobasy! palkiksteesandidsemsiss t Asr eof .

30 Preferably, the acrylic copolynmer conprises a honopolymer or copol yner
derived frotthe regxes of xchednc @l i shagtegatsonodnarpagesre{kghivagl

(a1 10 act yi 285 BdnolBrarnegdoulaa 3856 2070 28 Borl OIS 0 | 288 o 0.5 we % of
an initiator, and 0 to 1.0 wt% of a chain transfer agent.
Surprisingly, it has been found that the thermal stability
20 of the composition of the present invention typically
increases with addition of an acrylic polymer additive

having increased chain end unsaturation.

According to a second aspect, the present invention
25 provides a composition comprising a polyester and an
acrylic polymer, wherein the acrylic polymer has greater

than or equal to 1.0% chain end unsaturation.

Such a composition is also referred to herein as a

30 composition of the present invention.

Typically, the chain end unsaturation results from the

termination of the polymeric chain by disproportionation



Preferably, where the acrylic polyner is an acrylic 5 copolyner,
particularly an acrylic copolynmer of nethyl nethacrylate, the acrylic

pol ymer cwugimwemya Singl e copol ynerisabl e al kyl acryl at e wmsr/@géiiwesk

her ei nbefore, especially ethyl acrylate or butyl acrylate and isoners
thereof. 10 Preferably, the acrylic copalyner conprises 0.1 to 20% by

wei ght of an al kyl acrylate as defined herei nbefore and 80 to 99% by wei ght
of an al kyl al kacrylate, particularly nmethyl nethacrylate, as defined

her ei nbef or g, r.e.s fera h rybic_copolyper gconpr.i . 15%
by, vel ght _of SN CACEH S yTa: EVERGLEE BE' okt sy iR o Envifkyiidens

al kacryl at e gridire gy efies abhyint Badac r:bhis@qﬁlemllweror@rﬂﬁ& segpdct ot hak by
mei ght of an al kyl acrylate and 90 to 99% by weight of an alkyl . .

al kacryl at e 2CEYFdE amo\flmrﬁr ef&hibd ti®oy| haghspol FhersadonBEprBélitigssy, by
wei ght of a likay | te d %Eﬁﬁa ei e 1.0 9 i ght
of an al kyl R)"z(aal ll%r??%?éfgpa???guﬁgé y n%ﬁyl&%gl%;cipgpg{%il 5 @gf{%gﬁﬁg
where the awhgn c gadedrerto s &a qupbfeemtesr decomparéd onwathonooentarpante of

at | east one al kyl al kacrylate as, defined hereinbefore, r{icularly_methyl
met hacr yl at 8CTY 4y RRL Sﬁglb%ﬁéﬁngcgﬁyle%é?ﬂeé%lﬂ]e %£%+1h16+?? at &t

Coronarer s ISR ARSI oB8LL PR KR SR Bl

acrylate, the ratio of the weight o he wei ght 0

al kyl acryl doerem tegreesyl o€ copalynend s usgatalyiar igreaceompared owishual

to 4:1, preferably greater thﬁn or ;equal to 5:1, preferabl ¥\OO§/.OGSO7)
17 PCT/ GB115PPES-5538rES: P1OASH oP°%NTe? (6. P24 eFBPabFP=8FBEREA “Fhan
or equahot owduld PIRIRIEDIN61E eHSFmMd TBR HfalsThidpol PndPid, miRt8rEEEl ehabl y
greater than or equal to 15:1, nore preferably greater than or equal to

19: 1. 5 Espééichl [thepcrRaside fifaal arrgnsy ied ¥ Rfude 1.0% 1.75% 2%
3% and 5% by wei ght of an al kyl acrylate as defined herei nbefore,
particularly methyl acrylate and/or ethyl acrylate and/or n-butyl acryl ate,
and 99. 0% 9%8chh% | CofPssiibmhanik 9%%dey wetghtredespecthendin efs anhel Kyl
al kacryl ate as def,i ned herei nbef or e,raipa,rti cularly nmethyl nethacryl ate.

Pref er abl y, CORRCEAMHI . Yol P VETEIRE LRy age 15 nol ecul ar wei ght
greatersthan 50,000, nore preferably greater than 75,6000, nost preferably

greater than 85,000. Preferably the acrylic polymer has a weight average
nmol ecul ar wBiyghaddlérg taranagQw¥,1G00, pplyferabiaving s predier2dlY00greates

preferably lLess than 125, 000 mosd 2 referably_less_than 10% 000. . An
acrylic pol ﬁﬁ?ln h&vi naéga%ei %‘ﬁt a‘i‘/ercac@i{lgalo~ ThoF&Cul Psﬁ%PﬁﬁttlgP a BP&%F%@M y
90, 000 is espewirdls ymputef §hé6(i-he$ldiatlabéﬁ/abi11ﬂt%ebﬂhttl@%@ﬁ@oé@tﬂ@m oF
wei ght of the acrylic polyner may be neasured by techniques well known to

those skil | &8€ nPRSSERY | IINGNEOD 5 | FEMPRRPHR chPonkhBhr aphy. thee
acrylic,pol dasise t W we k :
ki 11 e EEedltedt pOIYSIN AT hiote | BECHLEUREy (Phhe L0110 PR YRer
Ki r k- O hrer hesc grieatzadithaof dGhequezal Hechn2t pgyostdopnefétraplgndr8aner vol .
16 p.506-53 articul arly p.525-727. 30, Syjtabl t he_suspensi on
pol ymeri sat izé?‘ﬁ?ﬁré’Fh(?@uiaﬂvﬁcge]s'%We GTRSET t$’6%é5 roﬁéaﬂroﬁofguﬁ'&nfiﬁer s
of acrylic agi dhadhkasiyhirfsaaGirhoforl kitefetdDBp! VERECadeyUeti pBdymer

has less than or equal to 20%, more preferably 15% or

25 less, more preferably 12% or less, more preferably, 9% or
less, most preferably 6% or less, especially 5% or less

chain end unsaturation.

Suitably, the acrylic polymer is amorphous. Preferably,
30 the acrylic polymer is substantially immiscible with the
polyester. By the term “substantially immiscible” we
include that at the spinning temperature, typically 280 to
310°C, the acrylic polymer forms a two-phase melt with the



WO 02/ (113079 18 PCT/ GB02/ OO~-SS herei nbefore in the presence of one or nore
initiators and one or nore chain transfer agents. Suitable initiators

i nclude tmaeoy@dd@al initiators such 5 as peroxy, hydroperpedcaisodid
initiators, for exanple, 2,2'-azo-bis(isobutyronitrile) (AIBN),

2,2' -azo-bi s(2, 4di met hyl val eronitrile), ®%o-bis(a-nethyl butyronitrile),
acetyl peroxide, dodecyl peroxide, benzoyl peroxide. Preferably, the
acrylic polyner includes at least 0.01 1o % nore preferably at |east

0.02 Wt % M3 i ably Sthéeasdrds 04amt hé nkpimhongbesrgepattbe takal
wei ght of the acrylic polyner. Preferably, the acrylic polymer includes
| ess than O.pPlyestemr € qumst epabhgltens natanix. hapging nied tenef aeBBL§Cl ess

than 0.25 wt % j.nitiator based on the t | 15 ' .of the G s

pol ymer. Suialgeéo]rqizl,vechai rpqﬁryérh%]? er gd'gﬁ’%gr%fegcl u\c,i\ghg% ) S, sugﬁggégééaégyl

mer capt an, ReRINAE t I8 Calt afuc- QU] tresikaps aa, twdubhhseerastan, in
2-et hyl hexyl thioglycollate, 20 thiophenol and butanthjol. Preferably, the

acrylic pol whirch nEhgdebmeisqike Bcrydizcwpabymes; efsr a9 y the 1 6%, 05
wt % prefer east % rabl y, at ke %34

preferably Zc{i:lc%ijelgéstté 03%59%)\%@310\%& n‘p%?(glgslﬁée? %%ecr)\% ﬁgge%h%ﬁ% hgltggté gﬁe\%ei ght
of the acrylic pohgnercoritarRieafser gpdyyesther acmplcirdxpol yigpicaklydesthess
than 1 % preferably less than 0.9 wt% npreferably._l.ess.thgn 0.8 %
pref erably Icﬁ’é@]t PLOWF prier ab”’ﬂ?‘qrg@]t'hancé.lér\%lr%c staBFizﬂPEr abl y
less than 0.5 wjechadp trapgfer agapk baseqdyt the hpbabrigight of thie

acrylic polyner.” 30 Suitably, it has been found that when the acrylic
pol ymer 10f tdwopkatsefglobwkes i oares spleuiedl byasdipensedhipspydadi sanion,

the nolar ratio of the,jnitiator.to the ..WO /0l 3079 1 / 2/ QO0~~~
chain tr ansfsé?a%eg'entgléﬁjb?%@gd i iPPhe 35EPYHST | sa;qlcfiotr% \ger oc%%gy'F%i ((‘Egl y(é)1
effects the ddiririle dagt BERL t10dn t EHP Sl peSt @NdpSIythde. t hermal stability
and/ or the anobunt of chain end unsaturation of the acrylic polynmer. 5

Preferably, the nolar ratio of initiator to chain transfer agent enployed

in the poly i ' [0 ' S n . : " Ly
| ess than o?geqﬁgfltggng:dl, p%(’aiféel‘}%ﬁy fzggs t W%%Igalqﬁt ébk}é)lﬁﬁ:%%gt
pref erahby |iapsertn dthanapr beqdalrmed Gnto rMilterew dferpabyihgsshehawldenequal

to 5:1, nost preferably less than or equal to 4:1
composition through a spinneret

and taking wup the
resultant fibres onto a winder. Typically, the additive in
the free-fall fibre emerging from the spinneret before
taken up onto a winder is in the form of droplets or
20 globules. Most preferably, the droplets/globules of the
additive do not form rod-shaped inclusions in the free-
fall fibre. However, the form of the additive in the free-
fall fibre may change when the fibre is taken up onto a
winder. Suiﬁably, when the fibre is taken up onto a winder

25 the additive may form rod-shaped inclusions.

Preferably, the acrylic polymer does not include a liquid
crystal polymer i.e. it does remain in an anisotropic melt
in the temperature range at which the composition of the
30 present invention may be melt spun, e.g. 270°C to 310°C,

after a shear stress is removed.



Preferably, the nolar ratio of chain transfer agent to initiator enployed
in the polynerisation process is 15 preferably greater than or equal to

1:1, prefwemidossgoeater than or equal to 1.5:1, nore prefep@HEBoBGSE er
than or equal to 2:1. An especially preferred range of the nolar ratio of
chain 20 transfer agent to initiator enpldoyed in the pol ynerisation process
is greater than or equal to 1:1 and less than or equal to 2.5:1. Suitably,
the acrylic polymer may include the 25 aforenentioned nolar ratios of

initiator tg.cha t.ran r 5. [ Vi, VLGP roshayi, ng
t he desi red(iJ egr %gig)tll}{)’n ?%%pg?g?g?é ?g or%lzjt hlerf rrarlf@ecs% a%lé ?t&héﬁlzora%%
amount of chaighndiinsastyathenpoagmdef i Medehpreferefcdne, they derypldduced

in a suspensiqQn polyperjsation nethod enpl oyi ng the above nentipone | ar
rati os of ci& n%’F%iu gent&E8 it%atr‘i a]nP%b ]?XY ﬁbgg’é/rué‘?ﬂtmp ergbf;’?
PCT/ GBU2/ UOja3 sTha 205 &5 Ay Q#@igh@,”%fiﬁaéwﬁéﬂ@r}]a o8, rﬁéﬁééi/all{
determ ned by the nethod di sclosed i n Kahiwagi et al, cronol ecul es 19,
2160- 2168 ( pagdferreduiacayilic thelpoeyestdo ot hdnedpdest ponl | gtyrene
processabl e an has a fibre formng property. Preferably the polyester has
a residue o omati c lo dicarboxylic acid as the main acid conponent.
Preferably, the main acid conponent is terephthalic acid, phthalic acid,

i sophthal i ¢ aci d, naphthal ene di carboxylic acid, such_as
napt hl ane- 2 Thedi agrydiyl i eohymgr rpiahlendnglrdiesar BERPPPEVREKS aRAd

Lnpane 2 _ _ 4 oty _ s
Cuch a5 4 4 SERAREL: LS, 0ty 2Pt RIERDRATLIRRS SbAr ke B I
acihdI mayobe tsadlosiijﬁﬂﬁmhﬂ)%qupe&fomnﬁ‘lbili}s)a c(dgﬂ;ﬁ-‘h'l)sﬁlrlgllmcm@nﬁngs smliliha?sy]]ieﬁhyl A
et , N-propy, 1 SOPro , n-nput , J1SO- , ana_tert- t . ot her (0]
wor ds, e | ARG GHaTAT 2 tadntiddc daniar vt sbabklaprelated.
Preferably, phe,fgh YRaLeinhat N @iphahigyor @hkyuelhd il @scdie g8in

al cohol conponent. Preferably, the main alcohol conponent is trimethylene
gl ycol , tet redrdtehy| the gtoymmspdreliaiet agkyhatel yeol alXacradpdst yesgeyeol ,
et hyl ene glycal , 1,4-cycl ohexane di t hanal . Preferabl he pol yester is
a poly(d m%iﬁl%ldé‘ﬁee Tt %ré?ee&eoér"r%lr‘@’? dq’gﬁ?s%?xﬁé:f‘%%eaﬁg%wﬁa%ﬁt e.
For exanpl e alwadmalileapply pt Bebpaetioeepht Nl abenéPEWbrdeq! widytepm

napht hal ate, 30 pol ypraopyl ene _ter g’pht hal at e, pol ybutyl ene terephthal at e,
pol yt et r anet'®lkdde t dedpiaavdase pol FedpeFonek8nedPhERRY enan  alkyl

t er epht hal a%q.’ka%‘ijﬁﬂ.ta%é qﬁ‘eta[}ylaq@&f %r&pg}ltal}_qg.ate. The pol yester nay be a
honopol ynmer "or a

Preferably, the alkyl (alk)acrylate is a (C;-Ciz)alkyl

20 ((C1-Cip)alk)acrylate. Examples of C;-C;; alkyl groups of

the alkyl (alk)acrylates include methyl, ethyl, n-propyl,

n-butyl, iso-butyl, tert-butyl, iso-propyl, pentyl, hexyl,

cyclohexyl, 2-ethyl hexyl, heptyl, octyl, nonyl, decyl,

isodecyl, undecyl, dodecyl, tridecyl, tetradecyl,

25 pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl,

eicosyl, behenyl, and isomers thereof. The alkyl group may

be straight or branched chain. Preferably, the (C;-

Cz2)alkyl group represents a (C;-Cgs)alkyl group as defined

above, more preferably a (C;-Cs)alkyl group as defined

30 above. Examples of Ci.;0 alk groups of the alkyl

(alk)acrylate include methyl, ethyl, n-propyl, iso-propyl,

n-butyl, iso-butyl, tert-butyl, pentyl, hexyl, cyclohexyl,

2-ethyl hexyl, heptyl, octyl, nonyl, decyl and isomers



WO 112/ () 13f179 21 PCT/ GBI )2/ A1 ~SS copol yner. The honopol yners are
preferred. However, polyners of these polyesters with other conventional
nononer s, waueedsrodi et hyl ene gl ycol, isophthalic acid and/grr/@8izingsaci d
are al so possible. Furthernore, 5 m xtures of two or nore of these

pol yesters may be used. Anong these pol yesters, polyethylene terephthal ate
(PET) is especially preferred. Preferably, the polyester has an intrinsic
viscosity to neasured at 25C i n 8% o-chl orophenol of at |east 0.4, nore

preferably | eas 5 Preferahbly, th ol { h i L NS{C
vi scosity o%ﬁ%&%"ﬁﬁ%}“ﬁ_iﬁﬁé%%?%% %%ygg% Slelnxe%ogké)1E cﬁ?o?g%hgfnl%{i. éjfgnf‘he
pol yest er Mg -FUWHISE, OBBeON (TIPS, )adddi t ¥esps deniaxkbitomaa (Bl-as) elkng

agent, a thermal stabilizer, an ultraviolet absorber, an antist ahi c ggent,
a termnati gragentsandeiinedor 8RRt TN PFGLEFEMLY of a(ft3&4dr e2dF two

or nore of tnggﬁ i4d ferably, the acrylic polynmer as defined
S agagsgcfi %%ﬁ?%d 299?‘;@'

‘her ei nbef or e polyester in an anmobunt of at least 0.05 wt %
nore pregerably at least 0.1 w % and nost preferably at least 0.2 wt o of

t he polyester. Preferably, th ryljc, 25 polynmer is ded .tq.the yester

in an amountPTEeERIY hdrhera IY"ldok)_L"(‘)ch@ en’cﬁeap?g?eéiﬁﬁlaff‘ques‘g&lﬂﬁan or

equal to 5 4)fgq1§q5@r§q_§tteorefern@ya/ Iesp%é%kg_r equy to Zep b aQkell the
e a

pol yester. ditién of 'such | ow anounts may further reduce the costs of
the overal | Geethrcmsslateer Ebywallokengpyingdifateshtthakr sheeserm (Cui-

productivity, to.be.achjeved. 02/ (1 79 22 PCT/.GBO2/ (1Dt ¢
Pref erably, CE“I[)l@l%Pﬁ}untJ“Eﬁt cﬁwygtp%l yﬁéfgf% tﬁg cgr%pg;jsél%lti ogc’t)?:?l) ﬁ%’kgrlesent
inventiag | actylfast 0 0FoM @)) a1k priettneklYatk .| eBRémPléswdf Nyt

preferably at l'east 0.2 w % based on the total wejght of the corrpo%i on of
5 the preserf)pdleit | GetPRGRHARY  ingldagieihynt BREYPEEYPBEGMEMMAD /t he

conposi tion he i nt igfpﬂ is Le n g@yl el0 (B
preferably Ie(eq'J'cshsk}]t hg%rtg?a%g%laé{wétao( vvt)% bo?%o%gqprg te:fﬁabl }agss t(han or
equal to_ 2. isi/ﬁﬁbdmgbdt]}en:h%dlmeylﬁ]al ( TRyt ?#bmllnpl cutneph_aicu:ityﬁatef (tBMa_)t,_
present invention. Prefer , e ampunt of polyester in conpgqsi tion
of the presérﬁohqﬁb@ntiﬁﬁtﬁécé}’éﬁf'@r mﬁz‘dr' eq'i%‘?t'tslbu%ivw %e%ECgS’ abl y
great er ;than quakndid a5 Wb 1aRee RpEAS er abliyy or edlef1db@n @a)equal- to
97.5 M(;Z)gbas(elgg%@ t he totygll vve?%’ht of the corrpolz}lfti on %E t he present

i nventi on. Rrafmrlhblgryiisdeand8M of nporyest @cynlatre c@fposi disoRrePYlo t he

present invenlion s {£8R) 1h30.BRc9? W12 (1BA), and combinations

thereof.

20 Preferably, the alkacrylic acid monomer is a (Ci-
Ci0) alkacrylic acid. _Examples of (Ci1-Cip)alkacrylic acids
include methacrylic acid, ethacrylic acid, n-propacrylic
acid, iso-propacrylic acid, n-butacrylic acid, iso-
butacrylic acid, tert-butacrylic acid, pentacrylic acid,

25 hexacrylic acid, heptacrylic acid and isomers thereof.
Preferably  the (C1-Cyo)alkacrylic acid is a (Cy-

C.)alkacrylic acid, most preferably methacrylic acid.

Preferably, the acrylic polymer is an acrylic copolymer.
30 Preferably, the acrylic copolymer comprises monomers
derived from alkyl (alk)acrylate, and/or acrylic acid
and/or alkacrylic acid as defined hereinbefore. Most

preferably, the acrylic copolymer comprises monomers




preferably less than 99.9 W% nost preferably |l ess than 99.8 wt % based on
the total weight of the conposition of the present invention. 25 Suitably,
t he physi wa oFwesowof the conposition of the present inventponcBigusiss be
substantially the sane as the formof polymer alone. Preferably, the
conposition of the present invention andli he pol yner al one conprises a
cylindrical pellet, preferably the cylindrical pellet has 30 a
cross-sectional dianeter of greater than or equal to 0.1 mmand | ess than

or equal to . nd._a | ength -of |l [, equal, to cylLindrica
pel l et havi ﬁ%—@e% m 1 &35S 23‘%@?&%??3?11035%‘en‘g??ﬁgoﬁ}’ “‘ér%éggg a
cross-secti gadyidi aeeyeacel ahadmalleyPsatraakyyape eienoakrsThes adeyined
pol ymer may be incorporated into the polyester 5 by varjous nethods. For

exanpl e, théerfdiniefr®s . t hESREEFRL LY poPYFRELTHREF bASFY £tF ed CABPIKSERe

pol ymeri sat i, cess_for forpm po Al dvel Yand he
acrylic polf%g?ﬂﬁg§ beaconﬁéﬁngéggﬁ%fﬁ thé¥gg?§%§terh?gﬁﬁgﬁﬁ1a.%%IIetamhich
may be sybsempeiliymeridablbied (@ -Co dlnper 4Cuf @S adikamatyestie 270gonnues10C

d i nt . th " th | | be. ni ith

ORI PRI P A L S I8 B R L St o LA

extruded at afr?drp@ré%??ﬁ gf-1hebreeRomiPemerd o¥l Gfe @il SRURyIiAte anwdelr. 15
STTr

Al ternatively, a nel eam of the acrylic polyner nmay be added to a nelt
stream of t hetlpdl yestelatty and/oe =xbutyl odcxylabgecti on process. Mst
preferably, non-nolten acrylic polymer is added to a 20 nelt stream of the
pol yester (e.g. at a tenperature of approximtely 290C) by a cranm ng

process. oBy sl d¥h IO TOLLEN adek 1k cC pralyidl! dompticied geeatetrrehan emabl es
t he conposition of the present Invention tqQ be easily controlled and/or

vari ed duri refuaie ppoBOcktdn BIOFCeRFreiBTay ARARAERN | FRIDoPTt REYBodBet i on
equi pnment m%%r&f?lFmeeSg%?Eéfﬁﬂﬂy(§%§?§?¥'Eﬂénaﬂﬂz%ﬂﬁﬁﬂPegop?@d%%@HV'ty’

particularly 1f i S hec ary to-vd e conposition of the present
i nvention. Mueoveprefbirablype grfeatddi t i tthrampr ooess ewwalni ntoi s85t harts,

exposure of the acrylic polynmer 30 to the high tenperatuyure Lyest
processi ng COIRFIEDRLY t§EF%E9rfthﬁﬁg QQHNééQﬁkﬂﬂ%Ppoggneggﬁixgﬁﬁéwl VO
02/1163029 24. RSP OO L Cohdi fife t &t 11N WagGhRsPEE! , thde apreadr

i nventi on provides ‘a process for making a conposition of the present
i nvention comprym2mng providing a polyester as defined herein and addi ng an
acrylic polynmer as defined herein to

Preferably, the acrylic polymer comprises 1less than or
equal to 20 wt%, more preferably less than or equal to 15
20 wt%, more preferably less than or equal to 10 wt%, more
preferably less than or equal to 5 wt%, especially less
than or equal to 3 wt% of an alkyl (alk)acrylate, as
defined hereinbefore, based on the total weight of the
acrylic polymer. Preferably the alkyl(alk)acrylate is an
25 alkyl acrylate, particularly a (C;-C4)alkyl acrylate, as
defined hereinbefore. Most preferably, the alkyl
(alk)acrylate is ethyl acrylate and/or butyl acrylate and

isomers thereof.

30 Preferably, the acrylic copolymer comprises a homopolymer
or copolymer derived from a monomer mixture comprising 80
to 100 wt% of methyl methacrylate, 0 to 20 wt% of at least

one other copolymerigable alkyl (alk)acrylate comonomer, 0




5 the polyester. Preferably, non-nolten acrylic polyner is added to nolten
pol yester. According to a further aspect, the present invention provides a
process fWO @6dTei ng a pol yneric fibre 10 conprising prowEogmoiEs t en
conposition of the present invention as.defined herein, 'and formng a fibre
fromthe nolten conposition of the presént invention. Preferably, the

nol ten conposition of the present 15 invention is fornmed by addi ng

non-nol ten acrylic polynmer as defined herein to nolten polyester. The
non- nol t en &or yl.i5c wiot yofr amayirbe izdded and/adi aos Ipd nvtst i oft he chaiim | i ne.
If the spin_line_does not include 20 an extruder, i.e. the nolten pol yester
is fed to at¥ePSEPTSAFERE -and/ or dynamic ni xers upstream of a spinneret by
Jbooster punps, then preferably the non-nolten acrylic polyner is added to
the nolten polyester streamat a point imediately before the nolten

pol yest er rBaeherabhy,st athiere25thed/ acrohtdan poliyrers. iSui taabl weryudle a
point of_ addition mnimses.the exposure_of the acrylic polyner tq,the high
Penper atlr eoBBPIHBEE s oRGECH RN Hbna MG, ERUBLVRER: HEE adighta

pol ynmer to iaetnaeggaheby, mexed weklitie polimeroldniprisdy | ta Wdindie
appreciated that the non-nolten acrylic polynmer nmay be_ added to the nolten
pol yest er seppahvacraspbpei nlpsl waarnliaEehoast efe Jrraimbefions.c

and/ or dynagj . 2/ 71 GQ%Z/ t | ) ter ly,
t he non- nol %ﬁeg%rx\%?c po rre?g%ggggé a de%&f'glt %%ﬁi Bé\{jygs%é% ream
in the boostrerpofps or at a point upstream of the booster punps, i.e. at a

poi nt before the pol ynmer stream reaches the booster 5 punps. If the spin
line i fd udes an extruder, as opposed to booster punps, then the non-nolten

acrylic pol ypgEepaY1HE UL DR ILRE KPAWRELEQRPLsbEe0Xt EBIGHS b
Al ternatively, %0 thg non-nnlfg%]écfﬁﬁ%c polynégﬁ%aysﬁe addeg inngdigiely
downst r eam wéight eft endedkiyleacaylatej ast dedjimed thesrdinbeffortehamicrédy, so

t hat pressure rigs the., acrylic pol r.foryward with the |te | yest er
stream Al té?n%%\/e Y, ergal?ﬁ%npr?m%)%n%g%y}l i%%%??%?gﬁay Pr?enﬁé‘cfd@@e&}y
downst ream gétAplt henephideEelattd, 2 R Nt deFiRdRat chyr§ihBetdPe ! he MBYd en
pol yester streamreaching a set of static m xers and/or dynam c m xers.

Such a ¥oi nPrefesabilyi orfityaftyiher COPRLATEE t PrMRRbHB8%r & oF0 t hE%adtyl i c

pol ymer to | gRet r gﬁ%§i ditignes g 0C. 20
Pr ef er abl y,&’%ﬁ%ﬂ%oﬁ-‘frrogﬁ)gll cr%lc;qreapo yrfa\{e}gi icéggla%{)jeggf’osyhgesé?lgwtogec%ltr} on of
t he extrudealk¥Wbstlhaehgilaliley, Murea paoeferalbly hether awryddic aopaflyirear
extruder where the polyeste lts in e truder. Such a_point af

ddi 1 on LSGaTPYL ErBLteda hLAY Che HERghFe ool hed ke s AEFHLRER £8% Abuat o
25 shear fofgesogp that wdrigpieet §£f oxm pam*l t B9} Tk & | OB isdiRper et
whi | st mnimsing the exposure of the acrylic polynmer additive to the high
t enper &0ur eppebeEsedngceyhdrt ropelymepscapnpripeClt ¢o3 FGChy3wedigdfteradbl v,

th - nol | ] i I I
crammer such ars ¥ pErEatl as, 3 Hel brbIRAERON e B K R B o
Pfl ei derer weight W ofscraev caldtyier , allvaleryRite, supplitddulyrItfyobetethyl

methacrylate.

25 Suitably, where the acrylic polymer is a copolymer derived
from a monomer mixture of at least one alkyl alkacrylate
as defined hereinbefore, particularly methyl methacrylate,
and at least one other copolymerisable alkyl acrylate
comonomer as defined hereinbefore, particularly ethyl

30 and/or butyl acrylate, the ratio of the weight of alkyl
alkacrylate to the weight of alkyl acrylate in the acrylic
copolymer 1is suitably greater than or egqual to 4:1,
preferably greater than or equal to 5:1, preferably



WO |12/1113079 26 PCT/ GB02/OCO~-SS It will be appreciated by those skilled
in the art that various conbi nations of the above points of addition for

addi ng t heyg@msb®t en acrylic polyner to the polyester 5 nmlfgaiBngsdr aced
by the present invention. Mreover, the non-nolten acrylic polynmer may be

replaced totally or partially by a noltek acrylic polymer. The acrylic
polymer is preferably honogeneously 10 distributed in the nolten pol yester
by m xing in the extruder and/or by neans of the static and/or dynam c

m xers in tgﬁe@tﬁfia&&ﬂ oarrraghggl ¢ Ayl or %9 OLaB Py NgRekekO N &r
nmol ten pol yester nmatrix having the acryli’c oFyrrer additive di spersed
t herei n. Suietaialy, toaByilng prefeabdgi ngredteddithaon @ equadcrog i £0pdbl yner

€enabl es the user to var he type, and tent of mxing pf the acrylic

pol ymer wi t flO%fe mqf?g,flagéyyeﬁgp}:eﬁi gg‘ﬁ‘i“y Sthi §9BfRabI gg tﬂi'g'serm?ﬁevary
t he rheol Ogbx‘gféﬂ%l I9tldat R0 IHERY ANdhliar ey 1eontrol the particle size
distribution of the 2o acrylic polyner in the conposition of the present

i nventi o before the conposition of the present invention passes through

the spinneret. |t i.s pell t hat [ Si the 25
additive i n%{ﬁﬁj@cﬁ&%r pﬁ%}f%?r)%eghoa%%?%%@g gg%glﬁ'%%’n%l n‘}éﬁglllgé\eoffbgf een
50 and 400 nm7s3yi tab] y3st hedadedt bve weidghe ofneasi alkplofaddid geesast

i nvention has a nmaxi num cross-sectional dinension of |ess 30 than or gqual

to 400 nm Refdnadkrkersinbekare  BATHICB4BELY Besdy InACBhate (A

additive in C%[H}ﬁ%i i tﬂﬁﬁi‘t LAVEHd O @So &, X1 g3 M55
Cross-secti gtr%:gﬁlldi e S|at(;:|r$oo g/r&g?:e%t an %ér equaéf' to 50 nm hore %

02/ 063076 2B8RCT/ eBfl 241D~ SG %pr byer wbighyr eatspecthtme by, eqpfal ano abkpin A
particul arly _preferred maxi ,.Crass-sectional dinensian_af the additive in
the conposi BERIYIARE p?%sgr%?lm@erilﬂ?ﬁﬂl?gegﬁﬁennﬁag%ﬁq IHxY ‘Pﬁghg;l‘ze of
t he additiv%é%yaeﬂyaéggymer fed to the hopper is larger than the size of

additive that enmerges fromthe die of the extruder and/or the spinneret. so
The size of the additive in the conposition of the present invention, such

b o T R R e
el ectr ofls M @cAERDAar | weicdini ggeakeet r ehati C60500py, inbee preferably
greater than 75,000, most preferably greater than 85,000.
Preferably the acrylic polymer has a weight average
molecular weight less than 300,000, preferably less than
200,000, more preferably less than 125,000, most
20 preferably less than 100,000. An acrylic polymer having a
weight average molecular weight of approximately 90,000 is
egspecially preferred. Suitably, the weight average
molecular weight of the acrylic polymer may be measured by
techniques well known to those skilled in the art, such as
25 gel permeation chromatography. The acrylic polymer may be
synthesised by techniques well known to those skilled in
the art, such as suspension polymerisation as outlined in
Kirk-Othmer Encyclopaedia of Chemical Technology, dJohn
Wiley and Sons. Vol. 16 p.506-537, particularly p.525-727.
30
Suitably, the suspension polymerisation wmethod involves
the polymerisation of one or more monomers of acrylic

acid, alkacrylic acid or alkyl (alk)acrylate as defined



15 conposition of the present invention is frozen, typically in liquid
nitrogen, and then fractured to expose the additive material whose size is
measur ed MO @¥N63078ctron m croscope. I n transm ssion el ect rAraBEIRIEOPY

t he conposition of the present invention,js frozen, typically 20 in liquid
ni trogen, and then pieces are shaved off"Tor analysis with an el ectron

m croscope. Preferably, the production of the polyneric fibre is
acconpl i shed by hi gh speed spinning using spinning devices 25 which are
known per séermigtheiire inpilheipyeseredsodHf one eat emorbatndtiegoss ©ads500

m m nute, more preferabl reater than or equal to 2000 ml m nute, nost
preferably fg’tfof‘jr;rﬁﬁ?ﬁaﬁ eéiéﬁq'eng?ﬁ%%%; HH ably, the spinning speed is
less than or equal to 10000 mim nute, nore preferably 30 | ess than or equal

to 7500 mm nute, nost preferably |ess than or equal to 6000 nmim nute. VO
02/ 0(31171 ipehlepoinitiatass Aasdivdiengf Tee yradachir tinrt teipecd  sheh

inventioR prQvi fi .SL N n_acrylic,_polyner defi ned. her-ein.
Pref erably, t egg?ggg’fg{r)ﬁrgog%dﬂjdggaa a1 yé’%i"égahérﬁeffﬁ% fiERBPBef or e.
5 Accordi ng 2t,@ 'a dfao-ttiey (iasgattyrdic pidesent (ATmens | op, pr odkgepikhe , yse of

an acrylic pal r .as .defined herein or use of the conposition of the
pr esent inv%ﬁ‘f%ﬁ‘%talﬁﬁ‘}ﬁ%%q)i'bre. "E%Pﬂéb%f%'ﬂﬂ@t]tlgyb‘étymlﬂutrhbe),

aspect, thea@egg,qnt | hon p ' a ly.c p S Lpe
herei n. Accordi ng toﬁe%(?aad%urt ggégggec?’,&t%a%d&es%\%ﬂgag%entsg%bgﬁge'
provi des a meeifedadflyf,or bthag arrykigl polymepneinatudesi e hemeitn. 0,01

Preferably, the acrylic I r is formed by suspension polynerisation. The
i nvent i gh vviwftl“b %mﬁ%oedé@ﬁ i 1Ay of2 t"ﬁ'gﬁQo‘“‘?%tF | BRERQTABAY| 2ki ti ng

exanpl es Wi leakel @r.@ace,d® 1REr PEEOAPBANERT o %%”%taﬂ”%flﬂ%t FOBUEReZ 1S
a flow diagramrepresenting a spin line for producing a po ric frbre by

i ncor por at | A§TABACe PAYMRY v | PEeforahity, | bhe acmylticstpalamed inpbhgest er
and Figure ' Lo | g@fo ' pin li,ne for_ producing a
g FekS 2nbhoY & gfAmI SR %ﬁ%ﬁéﬁol&cﬁy 55 ‘B’bﬂ ;3 i"ﬁ’f%’ am‘Pr‘g‘Ft

polynmeric fibre by 1 ncorporating nor-
stream of appelfgeabdy. 188s than 0.25 wt% initiator based on the total

15 weight of the acrylic polymer.

Suitably, chain transfer agents include thiols, such as
dodecyl mercaptan, n-propyl mercaptan, n-butyl mercaptan,
t-butyl mercaptan, 2-ethyl hexyl thioglycollate,

20 thiophenol and butanthiol. Preferably, the acrylic polymer
includes at least 0.03 wt%, preferably at least 0.05 wt%,
preferably at least 0.8 wt%, preferably at least 0.1 wt%,
most preferably at least 0.15 wt% chain transfer agent
based on the total weight of the acrylic polymer.

25 Preferably, the acrylic polymer includes less. than 1 wt$,
preferably less than 0.9 wt%, preferably less than 0.8
wt%, preferably less than 0.7 wt%, preferably less than
0.6 wt%, most preferably less than 0.5 wt% chain transfer
agent based on the total weight of the acrylic polymer.

30
Suitably, it has been found that when the acrylic polymer
of the present invention is prepared by suspension

polymerisation, the molar ratio of the initiator to the



There is shown in Figure 1 apparatus for adding nolten acrylic polynmer to a
nmelt stream of pol yester conprising a hopper (1) for receiving the acrylic
pol ynmer amb @nezo™MO 02/ 0G3079 29 PCT/ GB02/ A | - 4~S ext r uderpdReBhHd0455
extruding the acrylic polynmer fromthe hopper (1). The apparatus further
conpri ses a separate hopper (3) for recet¥ing the polyester polynmer and an
extruder (4) for extruding the polyester polynmer fromthe 5 hopper (3). The
extruder (4) feeds into a tubular nmanifold system (5) containing static
mxers. The éé-l—%ilﬂ ar%f@:@éfé%d aYehem emp1bykeedsid Ntohd SpbDyRacksaltion

spi nneret ( . The spinnerel conpriSes a plate having typically nore

t han 20 hol gzrcemas haviypgcaldivaneedfesttsabotihe0. 3nhermel| n degradabinvppers

(1) and (3) ,are charged w dry._base chips (t.ypjcall Iin€ical chipps of
engtn 3. mmbHMPSEAIE dthd fva the v epa b= ARE £6y ' dndVat Checansfithe:
and pol yest ¢jf RAFElend asReaiuMe Yon THE thd raskefBid Porptedd (4) extrude
the acrylic polynmer and pol yester fromthe hoppers ( 1 and 2 ) to form
separatedSnelt f |ows of the two polyners at tenperatures of between 270C
and 310C. T I cryl i ' ded. I

pol yest er prc%)lt?r f%rga%?ﬁ?’s erl#aéy%i'cga)f](lzée]ypnl}l3 éa%ieéid;llpt'%lés%?ﬁegvfo&t {:1%3&13“%%?% gF (4)
as indi cat ecadent igmpdyednihhothat polymerti satied gricegowst teas ahahhe
extruder (i.e. at or just beyond the tkg of, the screw) as indicated by line
21, and/or &F #PHht P PYEEBERPLEAMIEFS HPAR abF c et’ﬁ“)?g rstQs8:ls

| ndi cated bydfatty [Tedd | ndle GPPEGEAEIEY 7511 Nabrd GREPERADION1ELS! e
above points of addition nmay be enpl oyed. Moreover, the nolten acrylic

pol yner 1oay thenmduedegoal héond tlen potgeprefepabyyedests drhampodnt eghshg t he
mani fol d system (5) before the k and spinneret (6). The polymer mxture
is mxed by &he: 'atn?ocsqﬁ%&#afmef%%g n’ﬂ?ﬁ‘? ot %‘%’é%Jen??Sﬁghd t hen
netered to the spin pack and spinneret (6). The spin pack is filled with

shattered netal and produces very high shear so that f filanents ( 7 ) of
t he pol yner iRrefisnally enthge MolaH t Fatdpi roer ehaithetrapgfer/ GHIVD 80

PCTI GB02/ (1Q-455 fil f d ' [ -l
Station (8) THtEAn SR En I EE | i SRR BtSecgill v
vari ousibi nipghifega0ldy paptkeatiar) Stlegns. &r Thedqeals sbown:in Fpgeferdbly

apparatus for addi ng nhon-nolten rylic polymer (typically cylindrical
chips of | edfeRESImEEAT &ros%q‘ééit?‘é&najr'%ﬁ %«ref“@&eofp%eéﬁg Yedls2pFEduced

by suspensi QRO RIGEAL 1) Davi ng an average particle size of 200 to 900
nm when neasured by a sieve) to a nelt 1o stream of a pol yester polyner
conprising a hopper (11) for receiving the pol yester polyner and an

extruder (1 for form a |t _stream of th ol ter | ymegp. Th
extruder (1 teﬁprﬁ?faﬁqelg\?i%rgg?ﬁﬁﬁﬁﬁaFgﬂg%i Ptgl h(%léﬁlo aalfliﬁég)&s%a frfccﬁl’laxgrs
cont ai ngd t hatagisterThegdntbularimbri d0dbd éiB)oddf eardshenpolemepiBapack and
spi nneret (14) as described above for the apparatus of Figure 1. The

appar at us f PEOGEESc Grfr PER_LET sEharaF tﬁfﬁh%f Eo9ly 1f ¢ng %i hgarner
acrylic pol %rala% & gamrer (10), such as that supplied by Stober, for
delivering non-nolten acrylic polyner to the 20 polyester nelt flow.

Suitably, the acrylic polymer may include the
25 aforementioned wmolar ratios of initiator to change

transfer agents.

Suitably, an acrylic polymer having the desired
degradation temperature and/or thermal stability and/or
30 amount of chain end unsaturation, as defined hereinbefore,
may be produced in a suspension polymerisation method
employing the above mentioned molar ratios of chain

transfer agent to initiator.




In use, the hoppers (11) and (9) are charged with dry base chips of

pol yester polynmer and acrylic polyner respectively. The extruder (12)
extrudes woenzmpeswyest er 25 pol ymer fromthe hopper (11) to romGBR@HssTE] t
flow The crammer (10) conveys the non-nplten acrylic polynmer into the

pol yester nelt stream The cramrer does 4fot i ncl ude a separate heat source
so that it does not nelt the acrylic polyner. Optionally, the cranmer may

i nclude a cooling 30 apparatus. The non-nolten acrylic polynmer may be added
to the screw of the extruder (12) as indicated by line 23, and/or at a

poi nt i nredi ately downstream of the extruder (i.e, at or just beyond the
tip of the $8Eewieg¥epndPrEat €R1INWERG/ ORBPAIUBAL PRI/ F302/R%D. BERIALY | ne

24, and/ or [ [ hal e tr e St a6 1 %8l Saf N Aqhe

t ubul ar mn?%glgg&?T%)H aig{}?ﬁl{ I cat e&ﬁ%}%{l Ilaﬁg&g%?é#n 13{%5('}51%'1?%?26 eF'I!(:)n-ar(r}o'l ten
acrylic pol yaerovad eoel esadded 246 0ary 680i(198&l)ong t he tubul ar mani fol d
system (_13 ) 5 before the spin pack and spinneret (14). If the acrylic
pol ymer ?s added to the screw of the extruder (12) then preferably the
addi tive craeabi}0) e SphbigkateePpusi ERefRopldsti¥g1lyi etd¥esddbre
fitted. As before, "the filanments (15) are forwarded to an appropriate
take-up to syst bms( 26 ) ivhiec i orayi nigh PreenEar.i ous fini shing and packagi ng
steps. It will be appreciated by those skilled in the art that one or all
of the extruders (4 and 12) of the apparatus of 15 Figures 1 and 2 nay be

repl aced bypkegekablpunpEe igolsstsasst @asi saf ecbaidue aogol ¥astafontic for
exanpl e from a continuous polynerisation process. Suitably, the cramrer nmay
be repl Heeddbgagbesvddst A bragyr gie nBainc ardddsompmnente RASIRHTaRLY -

exanpl es degpastgal g ta&a!i]td pQBMgBhiaﬁtf | g e%e&%ﬁ%ﬁ@m&&é hgcR ?C‘;g%?ﬁkgilt#;e

present invention not only posSess a higher gation at bre
strand at aapddii ciilbaphtheiicngaspéed mappehalehe pdlgesbexyliceldcidut

al so exhibit a thermal stability siml to.the 25 unnodifie ol yester.
This Tonds PN v oraPEhiNer chob CERARORY b Araty PR A1 A nf

process. |ngtparbeklAWcngagxanPhss theoI0lR0&L oD, Bt 4 PESRKRF1 Bc f i bigq was

determ ned using an“Instron tensile tester 30 equipped with a load cell of
5 kg capaci dyphehpsyerdeneal i digagboxylaccharridseor dercho gage adwnéixi mum

of 2 kg | oad., t he [ .sanpl es. 9f ea arn est ed.
| ndi vi dual gg%ﬁégg‘g%%%ﬁ yar ﬁil&g%:go%%t@ﬁ?ed i%élgw) 0%3( 175\53%‘%‘{13
PCT/ GB02/ QUdikarbakgliqualicdsl wdih et eabsteagtBdoby?2referalilsy unced
sanpl es were conditioned for 24 hours and 65%relative hum dity. The chart

recorder waSiketk¥t FEQHRd FuHhmPSecBRENYEne ShRYLes MEPEORY bsent @Rl
manual Iy topiB8v1, n-butyl, iso-butyl, and tert-butyl. In other

20 words, we include methyl terephthalic acid and methyl
isophthalic acid. Preferably, the polyester has an
aliphatic or alicyclic diol as the main alcohol component.
Preferably, the main alcohol component is trimethylene
glycol, tetramethylene glycol, hexamethylene glycol,

25 neopentyl glycol, ethylene glycol, 1,4-cyclohexane
dimenthanol. Preferably, the polyester 1is a poly(C;-

Cs)alkylene terephthalate or poly (C;-C4) alkylene
naphthalate. For example, we include polyethylene
terephthalate (PET) , polyethylene naphthalate,
30 polypropylene terephthalate, polybutylene terephthalate,
polytetramethylene terephthalate, poly-cyclohexane-~
dimethylene terephthalate, polytetramethylene

terephthalate. The polyester may be a homopolymer or a




5 jaws of the tensile tester to ensure sufficient grip. Both edges of the
cardboard nmount were carefully cut and the test conpleted at a cross head
speed of WO @ebi7aut e. The percentage el ongati on at break pgascprRassnsed
directly fromthe experinental stress-strain curves. 10 EXAMPLE 1

Pol yet hyl ene terephthal ate was dried i n?tacuo at 150C for 8 hours [Fibre
Grade avail able from Akzo] and subsequently 15 nelted in a single-screw
extruder. The nelt was fed at a tenperature of 295C through a manifold

contai ni Ng g8hae{me£Ur i Othe S"‘hbﬁ@bb@?ﬂ}a_rgvdeéres pEBEFSell Xi NEbyRIENt S
and enpty pipé séctions to a gear nmetering punp. This fed the spi nneret
whi ch had 2poaymelrss edch télesd amstlaiestessnmwitdh TieEhenr amnvenripnal from

the bores of the die plLat re ith alr in a.co | onal ench
duct befor emBQPH‘SrSt’Jndﬁgﬁﬁb;\gﬁeaﬁjs?g%ﬁgﬁ#%i Iiir§%+fn’ and’ %ﬁbel{}l%%ie)]hgw?q#%

Spi nni ng 0i hnwber eMiEHi®N. adbd Tharddr essdungbesibiedr awurddedpor@ans o
two driven godets entwi ned in an s-shaped form and wound on enpty bobbins

to yarn pacRagbsres £BAWRGOF REBREENS] theseraQ YoR kR sigmali e d§Rdduce a
120 d [ ' . h | ' . Th
data are suAmEREC e 1oon 9GeRks CRRet N RGid S ppRe ARl Muttt - ThE

Experi ment 1Esoegpecdnldly bredflet7edEXAMPLE 2 PCT/ GB02/ 0(1- 1SS 5 Pol yet hyl ene

terephthal ate (as used in Exanple 1 above) was dried in vacuo at 150C for 8
hours and spun as in Exanple | to produce a 120 dernier fibre, but at a

take-up spepde@byraR29, M FhaUl @o1lerdal analke SWHMBMSahdit Tak fedaityd
Tabl e 2 Experinent 2%l ongati oin af breakl120

10 measured at 25°C in 8% o-chlorophenol of at least 0.4,

more preferably at least 0.5. Preferably, the polyester

has an intrinsic viscosity of less than 1.1 measured at

25°C in 8% o-chlorophenol.

15 The polyester may comprise one or more additives selected
from a delustering agent, a thermal stabilizer, an
ultraviolet absorber, an antistatic agent, a terminating
agent and a fluorescent whitening agent, or a mixture of
two or more of these additives.

20 |
Preferably, the acrylic polymer as defined hereinbefore is
added to the polyester in an amount of at least 0.05 wt %,
more preferably at least 0.1 wt %, and most preferably at
least 0.2 wt % of the polyester. Preferably, the acrylic

25 polymer is added to the polyester in an amount of less
than or equal to 10 wt %, more preferably less than or
equal to 5 wt %, and most preferably less than or equal to
2.5 wt % of the polyester. The addition of such low
amounts may further reduce the costs of the overall

30 process, thereby allowing significant increases in

productivity to be achieved.




EXAMPLE 3 i5 Preparation of an acrylate copol yner additive of the present
i nvention conprising 98.25% by wei ght nethyl nethacrylate and 1. 75% by

wei ght et o2aesybat e by suspensi on pol ynerisation. 20 A Spdw&B&/do9snd

bottomflask with four baffles in the flask walls and equi pped with a shaft
driven paddle stirrer passing down an abgnbi c condenser is charged with 28
g di sodi um hydrogen phosphate di hydrate, 2000 g dei oni sed water, and 100 g
of 1% sodi um pol ynet hacryl ate 25 (high nol ecul ar wei ght pol ynet hyl acryl at e,

neutralised with NaOH) solution in water. The suspensiaqn is heated to 40C
to 50C withPxeferahlyio digol IBOVRE s&F un‘?‘%’ﬁyyﬁgt hé’é’(r)ly)’l“eﬁre, ahd r'fitt{er ogen

nitrogen  SEPRETDE0800%: tBETPERas RS A e & e an 1080, g

net hyl net hasty| ptefetab2§ gteflepstadr il wté, mosG gpreferably at least

2,2' -azobis(isobutyronitrile) (AB d 3.40.9 decyl are- t hen
charged to éh% WESCthaRe I8§‘k.t§l,§ n%?%gewebggﬁk&%oigh F%&%ﬁggﬁg\l}eﬁ "t he
react antgs. gﬂ% éﬁé%éﬁeniﬁiréhﬁﬁ.éni.s heated to a reflux tenperature of -.82C
and mai nt ai ne Ile the reaction proceeds. The stirrer speed may need to

be increased during the reaction exotherm which can push the tenperature up

to ca. 95C and_wat may need to he. ad 10 1 he B ;exc jvely.
After the e?’f)?fw%?ﬂﬁ)ggi nstr]?% 36‘88?‘85 t%géjbagﬁkg’%aﬁea%%ﬁd tlgl reduce
resi dual noRgHBHskeY6hS cEnehdepeepent dmyentdictudls ileds atlan byr heatahng at
90C for 1 hour. The reaction mxture is cooled and then centrifugall

washed by pbarilfg Wife r BEEERBAPLY Jiags thar 0% @é?ﬂa& f%esba‘f’&f'dé‘}%&%ri ng
and washj ng_w 2 {itre i oQy- S te j t watyey d at waesn each
addi ti oﬂd. Tﬁ’ée%gﬁgPﬁ’ugieé%%gs%h}%g’ve% %&J\gqsig% \gf'ggaqew ]%%élgng The
filtered angovashedighakyoEr the spmpadition ofaydheapdedandd inventigdn. oven
at a tenperature of 75C 20 for 24 hours, to yield the title acrylate

copol ymer having a wei ght average nol ecul ar wei ght of 98,000 neasured by

gel perneat t OQRPoulte €T pbaveseepolimihehasbripdsrel tidh ovE i ndex
MFI (ASTM 2?9%%%@230(; 3.8°kug) of 21.539 1% m'mﬁt es, a vitgki:osit nunber 56

ccn g (neasthedpaesent. Sxvasitidoriis roxerbedf BRAR 8%d eead3hT 2l nWehd
unsaturation_as_neasured i th th of i i efyeal r ef ced
. cﬁ?&i; sal 5 [ €l pbEd
her ei nb&t or 8?e§6ra%§\)’o ﬁ%%?QEBgHEX%%PLI:B W;51%%02% | 0S5
preferably greater than or equal to 97.5 wt% based on the

total weight of the composition of the present invention.

Preferably, the amount of polyester in the composition of
20 the present invention is less than 99.95 wt%, more
preferably less than 99.9 wt%, most preferably less than
99.8 wt% based on the total weight of the composition of

the present invention.

25 Suitably, the physical form of the composition of the
present invention should be substantially the same as the
form of polymer alone. Preferably, the composition of the
present invention and the polymer alone comprises a
cylindrical pellet, preferably the cylindrical pellet has

30 a cross-sectional diameter of greater than or equal to 0.1
mm and less than or equal to 3 mm, and a length of less

than or equal to 3 mm. A cylindrical pellet having a



The acryl ate copol yner of Exanple 3 is conpounded into pellets using a BC21
co-rotating twin screw extruder by 5 Clextral, fitted wwth a general

pur pose swoed/06srANi ng at 230C with a screw speed of 250 rEyioGBdNOES per

m nute and an output of 10 kg/ hour. The respective acryl ate copol yner
pellets thus formed are conpounded wi th Pbl yet hyl ene terephthal ate pellets
(Fibre Grade avail able from Akzo) at 10 a level of 1% by weight using a 2SK
30 co-rotating twin screw extruder by Werner Pfleiderer, fitted with a
screw suit ablegdt®i &f ogemsi RePRI @Fody ¥t TaHHI NQ3 &heBLBColi Bh iy SEL ew
speed of 275 revol utions per mnute and an output of 15 kg/hour fromthe
extruder. Teepessidllahtorefewsmsbsition in pelletised formis dried in vacuo
at 150C for 8 hours and then fed into the single screw extruder and spin
line of Exanple 1. This nelt blend was spun as in Exanple 1. Materials were

col | ected atrhei il ispassi aie 2 Wy e id@rporaiadiuec e 4R sleTypésteti bre.
The data are 20 summarised | n _Table 3. Table 3 Experinent13% El ongati on at

br eak175220PYhe VAELGUSs BERBARIEr at BO¥ hGXalp& vnbhiec AAgd&iosr nef filmn 25

t he conposi t fot i puenti hiqbi L | i at
break in thrglcs rlgr?dg(}gl aﬁ?ﬂ%}é E%%ﬁ?g?gg%ﬁ&%@i@ﬂ@%ﬁ%g@%ﬁ@36
EXAMPLE 5 PEToCBEE O0EbxS5 forttiagactiikbat potppstyner nlt&xaapieeBy| s the
conpounded into.pellets using a BC21 co-rotating twin screw_extruder by 5
Cextral, fPEEEELR t?loiy'&%ﬁeg'ﬁ‘_ﬁ’ giﬁ pSQ@PQHPgW,i S{H:rh ngRgt PRIvEskath B screw
speed of 25@qorayvolut pbangeRer wikiBHt emapd BE OhipstqREnd Py kabherided st

respective acrylate copol yner pellets thus fornmed are conpounded w t
pol yet hi® enéempegitirgsat @f pbekween( B °€ Gade3awdiQ abhd Bpom Ate at 1o

ver ner Pl cbBEPr FpeioRPn “saEc AEYETe Byl Bl S

nyl on, runnthe apolyeeteirt hia sehew Reppdrof o275ahevektingas pakdMgwd e and
an out put of 15 I1<:g/ hour fromthe extruder. The resultant 15 composition in

pel | eti sed FEERMLLRNEY | BAXtNI@acHBYat Pe50exEBRdedhoaEs bemPeRetured 9fo t he
single scre der d~spi in fo anpke IS, bl.en spun
as in Exarrpplgeg"%%k}at e%?glcs: \/vea?(la(i col%llgctcg:(j g?hvm n]ScP%IE spleeé} of ‘L‘l32g}f)g\%?h1 nut e
to prodige Alt2@mndé&rnniedry,f iabmel tThet mbaima ceff echR0 ssasyripird Sesll yued alde He

Tabl e 4 Exper,i,nent 24% El on ion at breakl120170 The results, denpbnstrate
that a pol yR8AFE f FBr e OF‘%EE f PbHF28 t‘HE coffposh? 5ﬁSB?rthléYpr%se?&‘?e

invention exiktRukisnhbghehjel@igat peBcalkghreak in the strand conpared to
unnodi fi ed pol yester.

Most preferably, non-molten acrylic polymer is added to a
20 melt stream of the polyester (e.g. at a temperature of
approximately 290°C) by a cramming process. By adding non-
molten acrylic polymer to such a melt stream, enables the
composition of the present invention to be easily
controlled and/or varied during the production process.
25 The adaptability of the production equipment may result in
significant cost savings and enhanced productivity,
particularly if it is necessary to vary the composition of
the present invention. Moreover, this type of addition
process may minimise the exposure of the acrylic polymer
30 to the high temperature polyester processing conditions,

thereby forming a more stable polymer mixture.



WO 02/ 0G3079 37 EXAMPLE 6 PCT/ GB02/00-t55 Preparation of a conparative
acryl ate copol yner additive conprising 99.5% by wei ght nethyl nethacrylate
and 0. 5% wo &mssi7ght et hyl acrylate by bag pol yneri sati on.pdheBbmlokssni ng
materials were thoroughly mxed in a 10 #%tre gl ass round bottoned flask
using a shaft driven paddle stirrer passthg down ‘an al enbi ¢ chanber. |a
4923. 30 g nethyl nethacrylate 24.70 g ethyl acrylate 2.40 g |auryl peroxide
0.54 g t-butyl peroxyacetate (50% active) 15 23.09 g dodecyl nercaptan 0.73
g oxalic acigtcatdingn fd. H%fryher Waispekt]. 9the 7p¥ewewrsoiihwentiont yl
sul phosuccinate jn ethanol/water (AOI 75) 4.95 g

di t hi o- bi s- d%@%ﬁyiiﬁoﬁlEﬁ%f%SQOfQE TARK t%a??WPﬂﬁ%FéEPyPgtEh§ PREsSeBAct i on

mxture is st §§ﬁ$ %?%q it 3Q.m The
nonomer n1x?ﬁ?é§g%% ucéﬂﬁ%re 3; nté&g %y|§%g§%§E%br %§|0§H%?ﬁ83|yner
bag havi ng a&Xfeiml on@hadknegsaheseryide @d&ymdnwaqxdgﬁémeéahenelnThe bag
is simlar ap ran e to a as c trash b nsi o suffi,cient
Lo accormoddits | BETHEALRE AEEHFIEEIT (AOhalts AREYRTee PORTRF rbfe

than 3 cm H@ig@g;d,sm@i@@&dp@?@sﬁ@}_al tray and tilled with the nmononer 3o
m xture. Trapped air is renov and the bag sealed wwth a netal clip. The

tray and bag are placed in a suitably designed oven and the oven

Lemper at ure cont ) Led @5 At Y LBk ©chS! Ofireac OPAITE:%8

PCT/ Cr BO21(
provides a process for producing a polymeric fibre

10 comprising providing a molten composition of the present
invention as defined herein, and forming a fibre from the

molten composition of the present invention.

Preferably, the molten composition of the present
15 invention is formed by adding non-molten acrylic polymer

as defined herein to molten polyester.

The non-molten acrylic polymer may be added at wvarious
points in the spin line. If the spin line does not include

20 an extruder, i.e. the molten polyester is fed to a set of
static and/or dynamic mixers upstream of a spinneret by
booster pumps, then preferably the non-molten acrylic
polymer is added to the molten polyester stream at a point
immediately before the molten polyester reaches the static

25 and/or dynamic mixers. Suitably, such a point of addition
minimises the exposure of the acrylic polymer to the high
temperature polymer processing conditions whilst enabling
the acrylic polymer to be adequately mixed with the molten
polymer.

30 :
It will be appreciated that the non-molten acrylic polymer
may be added to the molten polyester stream at any point

between the booster pumps and the static and/or dynamic



St epTenper at ureTi nel63C1. 5 h25gC13. 5 h362 Cl h465C2 h575C1 h100C1 h7130C2
h This profile achieved a conversion |evel of >98% and produced a bul k

pol ymer o{yo/@ai3@poot h appearance with no 5 irregul ariti esp@GBiatnsspot s”
at the surface. The nylon bag was renoved to yield the title acrylate

copol yner having a wei ght average nol ecufar wei ght of 77,000 as neasured by
gel perneation chromatography. sO The acryl ate pol ynmer thus produced was
determ ned to have a nelt flow index MFl (ASTM D1238, 230C, 3.8 kg) of

3.49/ 10 m nyiigand OnBOSsdgiveBRd theahdhamolBensiatgyiliec mihakoimay
Kahi wagi et al. 15 EXAMPLE 7 Preparation of an acryl ate copol yner additive

of the presds addedtiten thepmaditan oBodvesyevreisftearet Byl the naepste¥e and

2.0s by weight eth ryl ate by ensi ' L on. | LEre
round botto%uf“fpfslfy}\l/\ﬁﬁ %’ﬁélrﬁiﬁﬁ%ﬁﬁgt e %ﬁéﬁ%%ﬁ%ﬁ%huﬁbgéd%ﬁth a
shaft drivem ppddhe sbefoee nassi polgaen astabambimeadiretenstre | boohteged
wth 25 28 g di sodi um hydrogen phosphate di hydrate, 2000 g WO

112/ 11G3679 BBUECT/ GBU2/ 1 | 1 LI SS dei oni sed water, and 100 g of 1% sodi um

pol ynmet hacryl ate (hi gh nol ecul ar wei ght pol ynet hyl acryl ate, neutralised
with NaOH) solution in water. The suspension is heated to 40C to 50C with
stirring to I sthkvesphrn shihemingleidearet bacrgkiatedennd as t opporssds babbl ed

t hrough the solution for 30 'nuf; s to remye oxygen.. The itrogr%n pyrge is
st opped and PRRRFSF RARRSF - njég]ﬁ%c gﬁa%’?' éeé’t Yg‘t?‘rcﬂ/l%?j;},’m%?G ¥ ee

2, 2" - azobi s(J GRWINGE Ohd rédedw (FAENoRNEF 3t RO exedpdasy| Artesphenvalg,then
charged to the to reaction flask. A nitrogen bl anket is maintained over the

react anfts. Tifee r eavtmodtenxtagwylic hpalyaero nawe bef agdadnpEmgdipsedy ~82C

and mai nt ai ngd ile the-r ti eeqds. e [ n to
be incr easedf%%e%"{lueo?e c%i %%Eggég%erqm%\ﬁhiygh oc%'la %{{sh&?ﬁggig@ 8m§'g ature
up to ca. 924% altk VWedisw Teyo nelesk tiordesaddedartieébethat abridaospolymer
excessively. After_the exotherm begins to subside the bat reat ed

i s heat-
to reduce r iR nBhbhethe RO LE &M d PRLYER5EEe ?a"rﬁ/e%‘%siﬁsgﬁ’s:flﬁ?e:gi" dr by
neating al 3G [9ndn Pt Eé%itfﬁcbb‘igg@rxﬁdééf BS £@9&0a8Mn8ELbiCRE

centrifugal |y wa pouritn e‘reaction urry 1nto a centrifuge bag,
dewat er iBg aghk washirudewi tat 2a xpdihkt riesnatdiagre lsedpraoer ton tive dewdten ng
bet ween each addition. The centrifuge bags have_a pore size of

m crons. Th@YeEh ShECRBsHERSHRHeR i€ Sprhad oS Zgl’f?ﬁflg%gﬁ]g%gri ed

inan air owimalid WEReAt usachl Z5Gboht 2o holdditditny i ey t Farkhidre
acryl ate copol ymer having a wei ght average nol ecul ar wei ght of 95,000 as

measured by wielinerarebhe 0aXPREBIG G dphs . 2gBYThE ROlymete ol Yher hisls
2 S0 1% S LIOIRG, LR ALYk I AP e ot
met hod eb Kahte¥sgtalsty althe M-GRSDERN78crylic polymer is added to the
screw section of the extruder. Most preferably, at a point

of the screw section of the extruder where the polyester

melts in the extruder. Such a point of addition usually

ensures that the acrylic polymer is subjected to adequate

25 shear forces so that droplets form prior to emerging £rom

the spinneret whilst minimising the exposure of the

acrylic polymer additive to the high temperature

processing conditions, typically 270°C to 310°C.

30 Preferably, the non-molten acrylic polymer is added to the
molten polyester by a ‘crammer such as a twin-screw
crammer, model ZS-B25, supplied by Werner & Pfleiderer or

a twin-screw crammer, model R17, supplied by Stéber.




40 PCTI GB02/1111~55 EXAMPLE 8 Ceneral procedure for determning the
degradation tenperature and the weight | oss of a polyner at 295C 5 The

degr adat i wo 2engay at ure and wei ght | oss of a polynmer is nagausBd/onyss

t hernogravi nmetric anal ysis using TGA 2950 instrunent obtainable from TA

| nstrunents. The TGA 2950 instrunent is 4§tted with an evol ved gas anal ysis
(EGA) 1o furnace that offers the advantage of a fully encl osed heating

el enent. The TGA 290 instrunent has the advantage that a thernocouple is

| ocated within the sanple chanber adjacent to the sanple. As a result the

measured tenperature is a true reflection of the sanple rather than 15 the
furnace tenpératidrde bal @@pugaiadssh bysthespuskdd liedh cuyhthee antstthakent at

a flowrate . 1 , ~$0 at_.the flow distributiqn is 10%to
t he bal ancevg%é’i#g%r rga%%&?%ﬁfhg%f &?%acaeb.wﬁep?:’r%‘h%f8ﬁ I"’}‘%L‘Otf Y 1RE EGA
furnace i s wddtiad ithe ammexidhodnordigdde 20oiiker NHd UERBL HE1gattbrat ed
for tenperat uge usi ng sanples of alumel wre (PIN 952398. 901) and ni ckel

wire (PIN 988 55?9’@1)8'%‘%%%&15%% PreERTke ANy entieon aINRELCHIR R nitlde wer e

154. 16C f or phAemah pag &E%gl%egnéggyﬁégz%énjo%ethfeﬁkﬁﬁgb.mkgga%g?gsgr

results are input as Poln respectively in € tenpera

cal i brati onparhdadiiyt by ansoliemntacalydrng wiollymetrandar d t enper at ures quot ed
for ' various materials in the TA Instrunments calibration literature. The
instrunment is, set in TGA 1000C node and 30 the data sanpling interval set

to 2 sec/poipRrk. PlagtyhAym pa fmdP0 uk capagd ol q? r
sanpl es are gsed.forﬁyg'l I 'rre;%%?}émnents. ‘?’he %glﬁtgﬁga?lwm %%%g%%é%gfe
PCT/ GBORY OCRaStrlibutied piforthe useltgn hgmlyegtehenbyo mixddgheah foiea

m ni mum of S, ti,l,all nbustill e material _h been renpved,
usi ng a bl ogvx?%?@%.g T%Igé{:#%ar%ﬁ bna?r?g.‘%ar 8§al%@sg%§§éﬁ n@ﬂgngn mic

i nstrunent smizeesf unct the Sdbefpibutibent empriFela oghy/bbe wei ghk ofpihe

pol ymer sanple is recorded. Degradation tenperature of an acrylic polynmer A

si ngl e pel | BRCHf tan o™y 18 Pbi§RePoluppiexki matsinehgiminm e aerybiay)

that is cyl ,88Hed! sl e 'ﬁ%rﬁé’cﬁ’r j Yo g.and .3 _mm
cross-secti%naﬁnd?aﬁet ér%ll?’% p(?lgé ed on ae%%g%%ﬁblg %%hg’gn ‘gahrglﬁ%d%}aei nt o
the EGAT urpatet 85 Tddixdop iaf pohgnacryiibepbigmar ansdleoft/whatte to
a maxi rrumtgrrperaturt?I of 600C. The instrument records the weight of_ the

acrylic pol VY £ GHE | BYPSE 1% SXASNLy SPE SN Gt {;gggu:gcrylic
tenperat ur epplphel Wovh e W3l ©dn Ohol PEsBEPUNEUREaBRY ST Wi Pr&SHMed N the

the user to vary the rheology of the acrylic polymer and
thereby control the particle size distribution of the
20 acrylic polymer in the composition of the present
invention before the composition of the present invention

passes through the spinneret.

It is believed that the optimum droplet size of the
25 additive in the polymer matrix should have a maximum

dimension of between 50 and 400 nm.

Suitably, the additive in the composition of the present
invention has a maximum cross-sectional dimension of less
30 than or equal to 400 nm, more preferably less than or
equal to 300 nm. Suitably, the additive in the composition
of the present invention has a maximum cross-sectional

dimension of greater than or equal to 50 nm, more




20 sanple, corresponding to the amount of weight |ost when the sanple is
heated fromroomtenperature to 135C. The tenperature above 135C at which

t he acryl wo @alyoyer | oses a further 1% of its weight, corrRspeResoie t he

t hermal degradation tenperature of the polyner referred to as 25 Td(1%. In
ot her words, the tenperature above 135C 2t " which the acrylic pol yner nust
be heated so that the weight of the acrylic polynmer as neasured at 135C
decreases by greater than or equal to 1% by weight due to thernal

degradat i onpr3aGMeiakt desscet endlel asfmégahﬂ@_acws ging! 2 pertéudrly
polymeric material (approximately 10 to 25 ng in weight) that is

cyl i ndri cal pinefsiraes beimagimund 0PUOEIOFECRPOTE T/ CRETENERASS 8fpr okhfat el y
3 mmlong an Cross-sect| i t i,s drj LD,V t. 150C for 8
hours, then al%ﬁtglm 51 alglgd t%% aé%ﬁﬁélsnfl% (gi?i %t%m%laen gggskggdggﬂ%ﬁc o otjrhe%GA

furnace. 5 Bhve émi.ed pellet is heated fromanbient tenperature at a rate of
50C per m nute under a nitrogen atnosphere to a tenperature of 150C. The
tenperat®re is maintained at 150C for 1 hour to ensure all noisture is

removed from .t | eipne ThEDELEELHES JHAGR 1RRateD- Al A Sl BAE 49 per
m nut e underléhtr]ﬁr&?rbg e'neét oeagtzérrpér atEuFeaogl gé%% t“:‘Upafl}'lr egzcﬁi}ﬁ% 295C, tﬁe
wei ght of t itlaepehbppeli niisi alangeght fhas ridoor dedeandfheaddagivent thaed f or

1 hour. After 1 hour_the ight of_the pellet. (fina],weight) is recorded.
T5 The di 11 SMETEEGARD I ds (f Sher SHTIET EIUYAT S8 IRDTRITRAC | <
divided by the initial weight of the pellet expressed as a percentage to

provide a value of the decrease in % by weight of the polyner based on the
initial loei ghe eilzshohdihermddisig en dthe asmpesi HonreE thevbyasendss

from pol yet hyl ene .t erepht hal ate at_ 295C Th i ght . | r a i ndri cal
pel l et of p#\}’&ﬂ’%ﬂ"&ne 28CY efEpHt Hal "?1? 52 Flg%éfl\gl%;%ﬁeggiﬁlae;?g?f]é ﬁla{c}}m g\ézo)
(10 to 25 npkahaiedy BN OFHOKGBES ewbEDgkhoah otk wlbEbettiwnahe

di ameter of 3 mmwas determned_at 295C for 1 hour in accaordance with the

net hod descPibed FATEQFHTRLS, abil eSC3DNAPHeO% X FEEPFT 15 Pol §RERYFERe

t erepht hal a er re for th i had t
0 28% of it cEREReEREr A Sl s I B AT gty 1o LA

15 composition of the present invention is frozen, typically
in 1liquid nitrogen, and then fractured to expose the
additive material whose size is measured by an electron
microscope. In transmission electron microscopy, the
composition of the present invention is frozen, typically

20 in 1liquid nitrogen, and then pieces are shaved off for

analysis with an electron microscope.

Preferably, the production of the polymeric fibre is
accomplished by high speed spinning using spinning devices
25 which are known per se. Preferably, spinning speeds of
greater than or equal to 500 m/minute, more preferably
greater than or equal to 2000 m/minute, most preferably
3000 m/minute are employed. Preferably, the spinning speed
is less than or equal to 10000 m/minute, more preferably
30 less than or egqual to 7500 m/minute, most preferably less

than or equal to 6000 m/minute.



PCT/ GB02/110.1aS The weight |oss at 295C over a 1 hour period and the 5
degradation tenperature of various acrylic .polynmers (approxi mate wei ght of
bead is 1W3 ®@d307my) was determ ned in accordance wth t heqmosedwis of
Exanple 8. The results are displayed in Table 5 bel ow, where |0 Sanple A -
is an acryl ate honopol yner Del pet 80N, aZBpoI ynmet hyl net hacryl ate, supplied
by Asahi and is evaluated for conparative purposes. Sanple B - is an

acryl ate copol ynmer Degal an GBE, supplied 15 by Degussa and is eval uated for

conpar at i ve pjpiddieiery tanpte £ futthdheagormarndid vieneaitiai epropdiyses

addi tive conprising 99.5% by wei ght nethyl nethacrylate 20 and 0. 5% by

wei ght et hylEiR%e/| BPEPEASABEe BRs FCF YRAShpPRLIENE B, AR edpfined th@retRy| ate

.copol ymer aggitd I i-$j-Ng % L ghts th ang.2. 0s

25 by vel ght LRSI | SrS AL BT Sparir ReP Lty ] BPT¥pRLErnEeS O
acryl ate copafimeEd dodidiinkefoorgpr i si ng 98. 25% by wei ght net hyl nethacryl ate
and 1.75% 30 by weight ethyl acrylate as prepared in Exanple 3. WO

02/ 0G3079 44 PCT/ GB112/ O | ~sS The materials were chosen to represent a

range of chaldx3Rd dNsalir at | euschel | 8spaseessthd | phesent | Visvaht 86n
viscosities under PET processing conditions. Chain end unsaturation was
eval uat ed updmvisias tthgensat wds gireracBy st ngok¥nasdesadafcnigd phdrejn
foll owi ng Kahi wagi et. al], Tabl e 5 .Sanpl eVis i tyId% Chali, .

endMFl Vi ghtoﬁun]ﬁg?/ Cfoy %ﬂgatcﬁr“g’ﬁs l%%’l’l\f?%s(s\t%zﬁ ?ﬁ%‘%ﬁfzé@‘)"%&g‘?ﬁloﬁ?hr
1m nut esh/ %forming a fibre.

wt A612970. 322. 07. 69B2970. 80C592980. 393. 43. 86D602781. 183. 014. 63E5628612. 032.

315.94 ¥Re results denonstrate that the acrylic polyners of the to present

i nvention hav t.her eof ahatd on ratuyre i asgg Lp end
unsat urati o%‘cg:n& ex b'?c? grg{éa%e?f wel g%f ?%Egpgf %&%C%orvéeér&g@houregg%gr ed
to the conmparaivivdesacnyldarylaly meylymehd dsXAMiineddl herein.

According to yet a further aspect, the present invention
15 provides a method of forming an acrylic polymer as defined
herein. Preferably, the acrylic polymer is formed by

suspension polymerisation.

The invention will be further described by way of the
20 following non-limiting examples with reference to the

accompanying drawings, wherein:

Figure 1 is a flow diagram representing a spin line for
producing a polymeric fibre by incorporating molten

25 acrylic polymer into a melt stream of a polyester; and

Figure 2 is a flow diagram representing a spin line for
producing a polymeric fibre by incorporating non-molten
acrylic polymer into a melt stream of a polyester.

30
There is shown in Figure 1 apparatus for adding molten
acrylic polymer to a melt stream of polyester comprising a

hopper (1) for receiving the acrylic polymer and an



The weight | oss at 295C over a 1 hour period was evaluated for the

foll ow ng conpositions (approxi mate wei ght of bead is 10 to 25 ng) using

t he met hoggpf2/de¥@vpl e 20 8 above. WO 02/ (1f 3079 45 Sargd®cBoo$ssl0 H
PCT/ GB(12/ 1111 ~as Conposition 99% w pol yethylene terephthalate . 1% w of
conparative acryl ate copol yner of Exarrpl%9 6 conprising 99.5% by wei ght

nmet hyl nmet hacrylate and 0.5% by wei ght ethyl acrylate. 99% wt pol yethyl ene
terephthalate . 1% w acryl ate copol yner of Exanple 7 conprising 98. 0% by

wei ght et hyl gRIHacT Yb At ¢ @3N dexde B8 DG Wehehta @tyiilc apoylabe. R Wehe
pol yet hyl ene terephthalate . 1% w acrylate copol yner of Exanple 3

conpri si ng ®®p2EM% by lhei ghre neppAratshatuythes ARMNLIses bR WeeBRY2EEHY|

acrylate. 15 Each of, _the_.conmpositions a pr ﬁﬁﬂé%g}?i th

respective ef[e(égpo?ﬁﬁerﬁérﬁla%'% I éﬁg Lé‘?%%g%t%éz CO-ro atg%r?g ?f/lvl n

screw extr udgd-#nadd exd y afor f ekt eddihgh theg pran@lstpur paslemer efromubheng at

230C with a screw s&(:)gd of 250 revolutions per mnute and an outgu;g_l g{i 10
15P

kg/ hour . 520 PRPeTesEoct iThe RFSHUARE cbpbl {4 pEtR(3 FRe-REr R4
compounded wily ol vef g¥g§%§%§fégpgka%hat fibhls! dd sy A dRaRYRLAED! ©

from Akzo) _ I ght using a co-rotating twin screw
extruder by Méte P5) efdeder inftic teedspin hpackcaad spiradexet of6pr o¥besi ng

25 PET or nylon, running at, 270 C with a_screw speed aqf. 275 revol uti gns per
m nute and &PIGRGHAT oFOUBE kERHFoBr &F‘Bﬁl Ry 1S r':{)Yé'Pé'rc.""(?L e W%E%I?éaﬁb? i ngd

are di spl aygdyidy T2l Bivihg a diameter of about 0.3mm.

10
In use, the hoppers (1) and (3) are charged with dry base
chips (typically cylindrical chips of length 3 mm and
cross-sectional diameter of 3 mm) of the acrylic polymer
and polyester polymer, respectively. The extruders (2) and

15 (4) extrude the acrylic polymer and polyester from the
hoppers (1 and 2) to form separate melt flows of the two
polymers at temperatures of between 270°C and 310°C. The
molten acrylic polymer is added to the melt flow of the
polyester polymer. This may take place in the screw of the

20 extruder (4) as indicated by line 20, and/or at a point
immediately downstream of the extruder (i.e. at or just
beyond the tip of the screw) as indicated by line 21,
and/or at a point immediately upstream of the static
mixers as indicated by line 22. It will be appreciated

25 that a combination of the above points of addition may be
employed. Moreover, the molten acrylic polymer may be
added to the molten polyester polymer at any point along
the manifold system (5) before the pack and spinneret (6).
The polymer mixture is mixed by the static mixers of the

30 manifold system (5) and then metered to the spin pack and
spinneret (6). The épin pack is filled with shattered
metal and produces very high shear so that filaments (7)

of the polymeric mixture emerge from the spinneret. The



WO 02/ 01 3079 46 Table 6 PCT/ G B02/110-ASS Sanpl eo acrylic chain end
unsaturati onWeight |oss after 1 hour/ %

wt FO. 390. Qitf#2/058039 38HL2. 030. 31PET---0. 28 The results denongdm@bBe/dosst a
nore thernal 'y stable polyethyl ene terephthalate (PET)/acrylate copol ymer
blend 5 is formed by enploying an acryl afge copol ymer of |ower thernal
stability having increased chain end unsaturation. The reader's attention
is directed to all papers and docunments which are filed concurrently wth
or previous to 1o this specification in connection with this aQPIication

and whi ch afélementso gabl i 3rensfREatiedi 49 t Afs 2PREPPFEaERont2ERTUR he
contents of fgﬁkf%%g][k @ﬁgﬁéflaﬁﬁo@ﬁc%@@t& Cak{EPEROL AL @heGI& NwRYch

.reference. eat ures disclosed in this specification

(including aRy adeeameRnwaY lsifimisthsty antd patkagingge)epand/ or all of
the steps of any nethod or process so disclosed, may be conbined in any
conbi nati on, except conbinations where at |east sone of such features 20

peci 11 it | AR BT UG A e o ToE el ol bt Bt andr o mgs).
el aesyi siokmesr! eypemiies a9 1 foumare: samher i
S P B S 553 S5REET Y SHEARA ELEE S i L e RoRuEeaos
?g;tch(r)zg.d | $,,0N8u 8XBARK BnOP Y1l PhePi SLNESH Cha®ings &f eseireleenpantisiei | ar
aize of 200 to 900 nm when measured by a sieve) to a melt

10 stream of a polyester polymer comprising a hopper (11) for
receiving the polyester polymer and an ektruder (12) for
forming a melt stream of the polyester polymer. The
extruder (12) terminates in a tubular manifold (13) having
static mixers contained therein. The tubular manifold (13)

15 feeds into a spin pack and spinneret (14) as described
above for the apparatus of Figure 1. The apparatus further
comprises a separate hopper (9) for receiving the acrylic
polymer and a crammer (10), such as that supplied by
Stéber, for delivering non-molten acrylic polymer to the

20 polyester melt flow.

In use, the hoppers (11) and (9) are charged with dry base
chips of polyester polymer and acrylic polymer
respectively. The extruder (12) extrudes the polyesterxr
25 polymer from the hopper (1l) to produce a melt flow. The
crammer (10) conveys the non-molten acrylic polymer into
the polyester melt stream. The crammer does not include a
separate heat source so that it does not melt the acrylic
polymer. Optionally, the crammer may include a cooling
30 apparatus. The non-molten acrylic polymer may be added to
the screw of the extruder (12) as indicated by line 23,
and/or at a point immediately downstream of the extruder

(i.e. at or just beyond the tip of the screw) as indicated



The invention is not restricted to the details of the 5 foregoing

enbodi ment (s). The invention extend to any novel one, or any novel

comnbi nat i Wbozﬁfm@be features disclosed in this specificatimr/éBaxaowdi ng any
acconpanyi ng cl aims, abstract and draw ngs), or to any novel one, or any
novel conbination, of the steps of any @Bthod or process so |0 disclosed.
WO 112/11(311T) d ai ns PCT/ GB02/ 00~55 48 1. A conposition conprising a

pol yester and an acrylic polyner, wherein the acrylic polyner has a thernmal

5 degr adatigy hegmeral urg,ofol Ga ANBOIAE SHBRIRRERYSGpctrAnpamanid | on

as clainmed ( ‘wher _ I c polyner haS greater than or equal
to 1.0% 10 ghathcendxersatinr atieortubfilak canmidsilid ol Yo i sidicatediIBst er

and an acrylic polyner, wherein the acrylig polyner has greater r
equal ftohl. @énéhiﬁn &id 9gRediadr attiign 0 “ﬁ’&tﬁr’c&ﬁ%&m (ﬁ%@g“ecﬁ aclurr}gg)él)n any
one of the pr I.ng I s wher ein.t ag herPtlaniFoll@ sy tidner
degradat!ongfjg(rér%eragt uaﬁ{jﬁh%aégéﬁ?hgﬁeor%gugr ?‘o 27(53C. 20 5. A ()
conpf)slta ggg&go@baitrtﬁmi spannpadierand spannerght Heblti ngfatthEomre¥Biiq or
equal to o by wei ght 25 _of the gcrylic pol [,..A2S_| o] f

precedi ng o_Poﬂ-H@eépr’y? i EgQSfiyr’F@r_ A e?cﬁﬁﬁr %ﬁ%egsgggggaéfear@g? t%lgﬁn based
on the ori 9?%‘&\&%@1 YRASHA@L: i v t bahinedt (285CisH.sikvarabsopposi be
claimed in any one of the preceding clainms wherein the weight of the
conposi ti onaaf t eddiédvieng iagezsse. f oifl ABEr BeEFedsesPBy PBEQT€hantBf 30

equal to 0.4q.b i ght sed_on i O ' i1y
measur ed in&f‘il%%\ez’%g é&gg 0O (L 0GaYaed NeL R 9BhpRbpiiate0PgRELUEN as
10 system (16) which may include various £ inishing and

packaging steps.

It will be appreciated by those skilled in the art that
one or all of the extruders (4 and 12) of the apparatus of
15 Figures 1 and 2 may be replaced by booster pumps, if the
system is fed with a polyester melt, for example from a
continuous polymerisation process. Suitably, the crammer

may be replaced by a volumetric or gravimetric feeder.

20 The following examples demonstrate that polymeric fibres
formed by the process of the present invention not only
possess a higher elongation at break in the strand at a
particular spinning speed compared to polyester itself,
but also exhibit a thermal stability similar to the

25 unmodified polyester. This leads to an overall increase in

the productivity of the spinning process.

In the following examples the elongation at break of a
fibre was determined using an Instron tensile tester
30 equipped with a load cell of 5 kg capacity, which was
calibrated to a chart recorder to give a maximum of 2 kg
load at 200 mm on the paper. Ten samples of each yarn were

tested. Individual samples of each yarn were mounted in



WO 02/ 0131179 49 PCT/ GB02/11 0. 1SS 7. A conposition as clained in any one of
the preceding clainms wherein the acrylic polynmer has |ess than or equal to
20% chai nwend/oasgat uration. ' S e. A conposition as cl ai meT/0B@UMssaNE Of
the preceding clains wherein the polyester conprises polyethyl ene
terephthalate. 9. A conposition as claiA8d in any one of the preceding 1o
clains wherein the acrylic polynmer conprises a honopol ynmer or copol yner
derived froma nononer m xture conprising 80 to 100wt % of net hyl

net hacryl at gar@ tfndfred %wothata | €@t aeBBgehhast copol s | $aBl enclrdtdd
(alk)acryl ate conmononer, 0 to 15 0.5 W% of an initiator, and O to 1.0 wt%
of a chai n ERrBRILEr WRIEMt CONGitACBEAPIERY | 84 aBOWrai @a@ | ASE| Heharifer ei n

the acrylic s WO i's ri ro, r. Qi X e C | sing
| east 85 M%ﬁ%é%&'m?ﬂgcréﬁg tté. %80{8%%%%% i%ér{llé as%gl a?%c#?énd]clc?l m 9
or 10 wher ebimybeceady! i Theolspmpileiss Werevatdsaimed mmatusyl Iy xtdr eche

conprising of a cqgpolynerisabl e al kyl @alk)acr | ate 25 nononer,. 12. A
conpositﬁpnjéyscpgiﬁgﬁ Fﬁnéﬁ}eOEESSFrCIQiﬁESy_ Spf L &t PP - Both
copol ymeri sghhgsaldey! che! khatbshahe N OfBEel St A1y éﬁfyhﬁhe-tt?@ 13.
A conpositionTas clained in any of clains 9 to 11 wherei'n the acrylic
pol ymer i nctedts chmpiheteds ait % taxdaheads speedi bEaROr mm/mMADULES/ (RE84179

50 PCT/ GB(12/00.155 14. _A conpaosition as .clained in an e of .clains 9 to
12 - wher o REFREAEARGI FAORGRIAGR (i IRARA {5 BeBBUREY (1 550 Lk A% n
transfer agené. ekpd®imln€aNPesrbE8Nstgathacli®den any one of the preceding
clains wherein the acrylic polynmer is an acrylic copolyner. 10 15. A

conpositd on as clained in any one of the preceding clains wherein the
conpositionEﬁgﬁpihsgs at least 0.05% by weight of said acrylic polyner.

Polyethylene terephthalate was dried in vacuo at 150°C for
8 hours [Fibre Grade available from Akzo]l] and subsequently

15 melted in a single-screw extruder. The melt was fed at a
temperature of 295°C through a manifold containing Sulzer
(Zurich, Switzerland) model SMX static mixing elements and
empty pipe sections to a gear metering pump. This fed the
spinneret which had 24 nozzles each of diameter 0.35mm.

20
The strands emerging from the bores of the die plate were
cooled with air in a conventional quench duct before being
bundled by means of an oiler pin and provided with a
spinning oil-water emulsion.

25
The thread bundle was drawn off by means of two driven
godets entwined in an s-shaped form and wound on empty
bobbins to yarn packages in a Barmag (Remscheid, Germany)
winding unit to produce a 120 dernier fibre.

30
The take-off'speed was adjusted to 2500 m/minute. The data

are summarised in Table 1.



1'7. A conposition as clainmed in any one of the preceding 25 clains wherein
the acrylic polynmer has a wei ght average nol ecul ar wei ght of greater than
50, 000 anwowassdrman 200, 000. 18. A conposition as cl ai necamcenmosse of

t he preceding 20 clains wherein the conpg itionis nolten. 19. A process
for making a conposition as clained in a § one of clainms 1 to 18 conprising
provi ding a polyester and adding an acrylic polynmer as defined in any one
of 25 clains 1 to 18 to the polyester. 20. A process as clained in claim 19
wherei n non-Talblemnt acrylic polyner is added to nolten polyester. 30 21. An
acrylic pol . i i f clains 1 to 18. WO 02/ 0C3079 51
PCT/ GB02/ OQ-E3peximenthr ocess for pndduci ng a pol ymeric fibre conprising
.provi di ng oL S tefizmed in any one of clainms 1 to 18 and
produci ng 9 %:#%éggé%%?#h%tﬁgfééﬁ jg#ﬁb ition. 5 23. A process as cl ained
in claim22 wherein the nolten conposition is produced by formng a nelt of
t he pol yester._and addi ng non-nolten acrylic polynmer to the polyester. 10
24. A proceé%K%H? & nmed in claim23 wherein the pol yester nelt is fed to a
m xer, the non-nolten acrylic polyner is added to the polyester nelt at a
poi nt upstream of the mxer to formthe nolten conposition, mxing the 15
mol t en conmpddlyenhy kenk ptedephtupad atiebr tad r osethel moExempienpbsaboee) 25.
A process as_clained.in _claim?24 erein, the palyester nelt is fornmed by
ext rudi ng t H8HofHeEte A hnPEHR ﬁ% ]2565 ol E‘éﬁ gcr%ﬁ‘?’ﬁrg pBRGEPUR 33déd to
the pO'YGStdeﬁﬁﬁe'I‘ﬁ@?%ﬁ%&ﬁ&geé 290/ gkraled PPbPé,dBHESEEeQ”EQFeLE?
extruder and upstream of the m xer. 26. A process as clained in clain23
wher ei n t he gregtksedr 3250w/ mimitfeor MBale bdabat Ao Rynner edd eshelabihe t he
nonnol t en aqiylic polymer is added to the polyester nelt in the extruder
and/ or at a“point downstream of the extruder. 30 27. Use of an acrylic

pol ynmer 1as defined in any one of clainms 1 to 18 for formng a fibre.

Table 2

Experiment 2

%Elongation at break |120

EXAMPLE 3

15 Preparation of an acrylate copolymer additive of the
present invention comprising 98.25% by weight methyl
methacrylate and 1.75% by weight ethyl acrylate by

suspension polymerisation.

20 A 5 litre round bottom flask with four baffles in the
flask walls and equipped with a shaft driven paddle
stirrer passing down an alembic condenser is charged with
28 g disodium hydrogen phosphate dihydrate, 2000 g
deionised water, and 100 g of 1% sodium polymethacrylate

25 (high molecular weight polymethylacrylate, neutralised
with NaOH) solution in water. The suspension is heated to
40°C to 50°C with stirring to dissolve the sodium
polymethacrylate, and nitrogen is bubbled through the

gsolution for 30 minutes to remove oxygen. The nitrogen
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microns he filtered and washed polymer is spread onto

trays and dried in an air oven at a temperature of 75°C

20 for 24 hours, to yield the title acrylate copolymer having

a weight average molecular weight of 98,000 measured by

gel permeation chromatography.

The acrylate copolymer had a melt flow index MFI (ASTM

25 Di1238, 230°C, 3.8 kg) of 2.3g/10 minutes, a viscosity
number 56 ccm/g (measured as a 0.5% solution in
chloroform) and 12.03% chain end unsaturation as measured
using the method of Kahiwagi et al as referenced
hereinbefore.

30
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230°C with a screw speed of 250 revolutions per minute and

an output of 10 kg/hour. The respective acrylate copolymer

pellets thus formed are compounded with polyethylene
terephthalate pellets (Fibre Grade available from Akzo) at

10 a level of 1% by weight using a 28K 30 co-rotating twin

screw extruder by Werner Pfleiderer, fitted with a screw

suitable for processing PET or nylon, runaning at 270°C

with a screw speed of 275 revolutions per minute and an

output of 15 kg/hour from the extruder. The resultant

15 composition in pelletised form is dried in vacuo at 150°C

for 8 hours and then fed into the single screw extruder

and spin line of Example 1. This melt blend was spun as in

Example 1. Materials were collected at wind up speed of

2500 m/minute to produce a 120 dernier fibre. The data are

20 summarised in Table 3.

Table 3

Experiment 1 3

% Elongation at break |175/| 220

The results demonstrate that a polymeric fibre formed from
25 the composition of the present invention exhibits a higher
elongation at break in the strand compared to unmodified

polyester.
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- \Ilo%g&fgiextral fitted with a general purpose screw, running at
230°C with a screw speed of 250 revolutions per minute and
an output of 10 kg/hour. The respective acrylate copolymer
pellets thus formed are compounded with polyethylene
terephthalate pellets (Fibre Grade avaiiable from Akzo) at
10 a level of 1% by weight using a 2SK 30 co-rotating twin
screw extruder by Werner Pfleiderer, fitted with a screw
suitable for processing PET or nylon, running at 270°C
with a screw speed of 275 revolutions per minute and an
output of 15 kg/hour from the extruder. The resultant
15 composition in pelletised form is dried in vacuo at 150°C
for 8 hours and then fed into the single screw extruder
and spin line of Example 1. This melt blend was spun as in
Example 2. Materials were collected at wind up speed of
3250 m/minute to produce a 120 dernier fibre. The data are

20 summarised in Table 4.

Table 4

Experiment 2 4

% Elongation at break |120 (170

The results demonstrate that a polymeric fibre formed from
25 the composition of the present invention exhibit a higher
elongation at break in the strand compared to unmodified

polyester.
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5 weight ethyl acrylate by bag polymerisation.

The following materials were thoroughly mixed in a 10
litre glass round bottomed flask using a shaft driven
paddle stirrer passing down an alembic chamber.
10
4923.30 g methyl methacrylate
24.70 g ethyl acrylate
2.40 g lauryl peroxide
0.54 g t-butyl peroxyacetate (50% active)
15 23.09 g dodecyl mercaptan
0.73 g oxalic acid solution (7.16% w/w in water)
0.91 g 175% w/w sodium dioctyl sulphosuccinate in
ethanol/water (AOT 75)
4.95 g dithio-bis-stearylpropionate
20 19.80 g stearyl methacrylate
)
The reaction mixture is stirred and the flask purged with
nitrogen for 30 minutes. The monomer mixtures produced are
charged into a nylon 6,6 (or nylon 6) polymer bag having a
25 wall thickness less than 0.8mm for polymerisation. The bag
is similar in appearance to a plastic trash bag with
dimensions sufficient to accommodate the monomer mixture
and yield a bag thickness of no more than 3 cm. The bag is
placed on a metal tray and filled with the monomer
30 mixture. Trapped air is removed and the bag sealed with a
metal clip. The tray and bag are placed in a suitably
designed oven and the oven temperature controlled as

detailed in the table below:
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This profile achieved a conversion level of >98% and
produced a bulk polymer of very smooth appearance with no
5 irregularities or “hot spots” at the surface. The nylon
bag was removed to yield the title acrylate copolymer
having a weight average molecular weight of 77,000 as

measured by gel permeation chromatography.

10 The acrylate polymer thus produced was determined to have
a melt flow index MFI (ASTM D1238, 230°C, 3.8 kg) of
3.4g/10 minute and 0.39% chain end unsaturation using the

method of Kahiwagi et al.
15 EXAMPLE 7

Preparation of an acrylate copolymer additive of the
present invention comprising 98.0% by weight methyl
methacrylate and 2.0% by weight ethyl acrylate by

20 suspension polymerisation.

A 5 litre round bottom flask with four baffles in the
flask walls and equipped with a shaft driven paddle
stirrer passing down an alembic condenser is charged with

25 28 g disodium hydrogen phosphate dihydrate, 2000 g
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40°C to 50°C with stirring to dissolve the sodium
5 polymethacrylate, and nitrogen is bubbled through the
solution for 30 minutes to remove oxygen. The nitrogen
purge is stopped and 1080 g methyl methacrylate, 22 g
ethyl acrylate, 0.6 g 2,2’-azobis(isobutyronitrile) (AIBN)
and 3.60 g dodecyl mercaptan are then charged to the
10 reaction flask. A nitrogen blanket is maintained over the
reactants. The reaction mixture is heated to the reflux
temperature of ~82°C and maintained while the reaction
proceeds. The stirrer speed may need to be increased
during the <reaction exotherm which can push the
15 temperature up to ca. 92°C and water may need to be added
if the batch foams excessively. After the exotherm begins
to subside the bath is heat-treated to reduce residual
monomer levels and decompose any residual initiator by
heating at 90°C for 1 hour. The reaction mixture is cooled
20 and then centrifugally washed by pouring the reaction
slurry into a centrifuge bag, dewatering and washing with
2 x 2 litres deionised water, with dewatering between each
addition. The centrifuge bags have a pore size of ca. 75
microns. The filtered and washed polymer is spread onto
25 trays and dried in an air oven at a temperature of 75°C
for 24 hours, to yield the title acrylate copolymer having
a weight average molecular weight of 95,000 as measured by

gel permeation chromatography.

30 The acrylate polymer thus produced was determined to have
a melt flow index MFI (ASTM D1238, 230°C, 3.8 kg) of
3.0g/10 minutes and 1.18% chain end unsaturation using the

method of Kahiwagi et al.
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is measured by thermogravimetric analysis using TGA 2950

instrument obtainable from TA Instruments. The TGA 2950
instrument is fitted with an evolved gas analysis (EGA)
10 furnace that offers the advantage of a fully enclosed
heating element. The TGA 290 instrument has the advantage
that a thermocouple is located within the sample chamber
adjacent to the sample. As a result the measured
temperature is a true reflection of the sample rather than
15 the furnace temperature wvalue. Nitrogen gas is purged
through the instrument at a flow rate of 100 ml per
minute, so that the £flow distribution is 10% to the
balance chamber and 90% to the furnace. The transfer line
from the EGA furnace is vented into an extraction hood.
20
The instrument is calibrated for temperature using samples
of alumel wire (PIN 952398.901) and nickel wire (PIN
952385.901) supplied by TA Instruments. The values
obtained were 154.16°C for the alumel wire and 368.23°C
25 for the nickel wire. These results are input as Points 1
and 2 respectively in the temperature calibration menu of
the instrument along with standard temperatures quoted for
various materials in the TA Instruments calibration
literature. The instrument is set in TGA 1000°C mode and

30 the data sampling interval set to 2 sec/point.

Platinum pans of 100 pl capacity for holding the polymer

samples are used for all measurements. The pans are
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Degradation temperature of an acrylic polymer

A single pellet of an acrylic polymer (approximate weight
10 (10 to 20 mg) that is cylindrical in shape being
approximately 3 mm long and 3 mm cross-sectional diameter
is placed on a clean platinum pan and loaded into the EGA

furnace.

15 The acrylic polymer is heated at a rate of 5°C/minute to a
maximum temperature of 600°C. The instrument records the
weight of the acrylic polymer as function of time.
Analysis of a weight versus temperature plot allows
derivation of the amount of wmoisture present in the

20 sample, corresponding to the amount of weight lost when
the sample is heated from room temperature to 135°C. The
temperature above 135°C at which the acrylic polymer loses
a further 1% of its weight, corresponds to the thermal
degradation temperature of the polymer referred to as

25 Td(1l%). In other words, the temperature above 135°C at
which the acrylic polymer must be heated so that the
weight of the acrylic polymer as measured at 135°C
decreases by greater than or equal to 1% by weight due to
thermal degradation.

30
Weight Loss of a Polymer at 295°C

A single pellet of polymeric material (approximately 10 to
25 mg in weight) that is cylindrical in shape being
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temperature of 150°C. The temperature is maintained at
150°C for 1 hour to ensure all moisture is removed from
the pellet. The pellet is then heated at a rate of 50°C

10 per minute under nitrogen to a temperature of 295°C. Upon
reaching 295°C, the weight of the pellet (initial weight)
is recorded and heating continued for 1 hour. After 1 hour

the weight of the pellet (final weight) is recorded.

15 The difference between the final and initial weight of the
pellet is divided by the initial weight of the pellet
expressed as a percentage to provide a wvalue of the
decrease in % by weight of the polymer based on the
initial weight of the polymer measured at 295°C.

20
EXAMPLE 9
Weight loss from polyethylene terephthalate at 295°C

The weight loss from a cylindrical pellet of polyethylene
25 terephthalate (Fibre Grade available from Akzo) (10 to 25
mg) having an approximate length of 3 mm and cross-
sectional diameter of 3 mm was determined at 295°C for 1
hour in accordance with the method described in Example 8
above.
30
After exposing the polyethylene terephthalate to a
temperature of 295°C for 1 hour the material had 1lost

0.28% of its initial weight.
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The weight loss at 295°C over a 1 hour period and the
5 degradation temperature of various acrylic .polymers
(approximate weight of bead is 10 to 25 mg) was determined
in accordance with the procedure of Example 8. The results

are displayed in Table 5 below, where
10 Sample A - is an acrylate homopolymer Delpet 80N, a
polymethyl methacrylate, supplied by Asahi and

is evaluated for comparative purposes.

Sample B - is an acrylate copolymer Degalan G8E, supplied

15 by Degussa and is evaluated for comparative
purposes.
Sample C - is the comparative acrylate copolymer additive

comprising 99.5% by weight methyl methacrylate
20 and 0.5% by weight ethyl acrylate prepared as

in Example 6.

Sample D - is the acrylate copolymer additive comprising

98.0% by weight methyl methacrylate and 2.0%

25 by weight ethyl acrylate as prepared in
Example 7.
Sample E - is the acrylate copolymer additive comprising

98.25% by weight methyl methacrylate and 1.75%
30 by weight ethyl acrylate as prepared in
Example 3.
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Table 5
Sample | Viscosity | Ta % Chain end |MFI Weight
Number/ (1%) unsaturation | (ASTM loss at
ccm/g °C D1238) 295°C
g/10 after 1
minutes h/% wt
A 61 297 0.32 2.0 7.69
B 297 0.80
C 59 298 0.39 3.4 3.86
D 60 278 1.18 3.0 14.63
E 56 286 12.03 2.3 15.94

10

15

20

The results demonstrate that the acrylic polymers of the

present

temperatures,

inventi

on

have lower thermal

degradation

increased chain end unsaturation and exhibit

greater weight loss at 295°C over 1 hour compared to the

comparative acrylic polymers.

EXAMPLE

11

The weight loss

at 295°C over a 1 hour period was

evaluated for the

following compositions

(approximate

weight of bead is 10 to 25 mg) using the method of Example

8 above.
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F 99% wt polyethylene terephthalate : 1% wt of

comparative acrylate copolymer of Example 6
comprising 99.5% by weight methyl methacrylate
5 and 0.5% by weight ethyl acrylate.
G 99% wt polyethylene terephthalate : 1% wt
acrylate copolymer of Example 7 comprising
98.0% by weight methyl methacrylate and 2.0%
by weight ethyl acrylate.
10 H 99% wt polyethylene terephthalate : 1% wt
acrylate copolymer of Example 3 comprising
98.25% by weight methyl methacrylate and 1.75%
by weight ethyl acrylate.

15 Each of the compositions are produced by compounding the
respective acrylate copolymer into pellets using a BC21
co-rotating twin screw extruder by Clextral, fitted with a
general purpose screw, running at 230°C with a screw speed
of 250 revolutions per minute and an output of 10 kg/hour.

20 The respective acrylate copolymer pellets thus formed are
compounded with polyethylene terephthalate pellets (Fibre
Grade available from Akzo) at a level of 1% by weight
using a 2SK 30 co-rotating twin screw extruder by Werner
Pfleiderer, fitted with a screw suitable for processing

25 PET or nylon, running at 270°C with a screw speed of 275
revolutions per minute and an output of 15 kg/hour from

the extruder.

The results obtained are displayed in Table 6
30
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Sample |% acrylic chain end|Weight 1loss after 1
unsaturation hour/% wt
F 0.39 0.52
' 1.18 0.38
H 12.03 0.31
PET --- 0.28
The results demonstrate that a more thermally stable

10

15

20

25

polyethylene terephthalate (PET)/acrylate copolymer blend

is formed by employing an acrylate copolymer of lower

thermal stability having increased chain end unsaturation.

The reader’s attention is directed to all papers and
documents which are filed concurrently with or preévious to
this specification in connection with this application and

which are open to public inspection with this

specification, and the contents of all such papers and

documents are incorporated herein by reference.

All of the features disclosed in this specification

(including any accompanying claims, abstract and

drawings), and/or all of the steps of any method or

process so disclosed, may be combined in any combination,
except combinations where at least some of such features

and/or steps are mutually exclusive.

Each feature disclosed in this specification

(including any  accompanying claims, abstract and

drawings), may be replaced by alternative features serving
the same, equivalent or similar purpose, unless expressly

stated otherwise. Thus, unless expressly stated otherwise,
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each feature disclosed is one example only of a generic

series of equivalent or similar features.

The invention is not restricted to the details of the
foregoing embodiment (s). The invention extend to any novel
one, or any novel combination, of the features disclosed
in this specification (including any accompanying claims,
abstract and drawings), or to any novel one, or any novel
combination, of the steps of any method or process so

disclosed.
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acryllc polymer has greater than or equal to 1.0%

10 chain end unsaturation.

3. A composition comprising a polyester and an acrylic
polymer, wherein the acrylic polymer has greater than
or equal to 1.0% chain end unsaturation.

15

4. A composition as claimed in any one of the preceding
claims wherein the acrylic polymer has a thermal
degradation temperature of greater than or equal to
270°C.

20

5. A composition as claimed in any one of the preceding
claims wherein the weight of the acrylic polymer after
heating at 295°C for 1 hour decreases by greater than
or equal to 10% by weight based on the original weight

25 of the acrylic polymer as measured initially at 295°C.

6. A composition as claimed in any one of the preceding
claims wherein the weight of the composition after
heating at 295°C for 1 hour decreases by less than or

30 equal to 0.4% by weight based on the original weight

of the composition as measured initially at 295°C.
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9. A composition as claimed in any one of the preceding

10 claims wherein the acrylic polymer comprises a
homopolymer or copolymer derived from a monomer

mixture comprising 80 to lo0wt% of methyl

methacrylate, 0 to 20 wt% of at 1least one other
copolymerisable alkyl (alk)acrylate comonomer, 0 to

15 0.5 wt% of an initiator, and 0 to 1.0 wt% of a chain

transfer agent.

10. A composition as claimed in claim 9 wherein the
acrylic polymer is derived from a monomer mixture

20 comprising at least 85 wt% methyl methacrylate.

11. A composition as claimed in claim 9 or 10 wherein the
acrylic polymer is derived from a monomer mixture
comprising of a copolymerisable alkyl (alk)acrylate

25 monomer.

12. A composition as claimed in any one of claims 9 to 11
wherein the copolymerisable alkyl (alk)acrylate
comonomer is an alkyl acrylate.

30

13. A composition as claimed in any of claims 9 to 11

wherein the acrylic polymer includes from 0.05 wt% to

0.25 wt% of initiator.
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10 16. A composition as claimed in any one of the preceding
claims wherein the composition comprises at 1least

0.05% by weight of said acrylic polymer.

17. A composition as claimed in any one of the preceding
15 claims wherein the acrylic polymer has a weight
average molecular weight of greater than 50,000 and

less than 200, 000.

18. A composition as claimed in any one of the preceding

20 claims wherein the composition is molten.

19. A process for making a composition as claimed in any
one of claims 1 to 18 comprising providing a polyester
and adding an acrylic polymer as defined in any one of

25 claims 1 to 18 to the polyester.

20. A process as claimed in claim 19 wherein non-molten

acrylic polymer is added to molten polyester.

30 21. An acrylic polymer as defined in any one of claims 1
to 18.
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22. A process for producing a polymeric fibre comprising
providing a molten composition as defined in any one
of claims 1 to 18 and producing a fibre from the

molten composition.

23. A process as claimed in claim 22 wherein the molten
composition is produced by forming a melt of the
polyester and adding non-molten acrylic polymer to the
polyester.

10

24. A process as claimed in claim 23 wherein the polyester
melt is fed to a mixer, the non-molten acrylic polymer
is added to the polyester melt at a point upstream of
the mixer to form the molten composition, mixing the

is molten composition, and producing a fibre from the

molten composition.

25. A process as claimed in claim 24 wherein the polyester
melt is formed by extruding the polyester and the non-

20 molten acrylic polymer is added to the polyester melt
in the extruder and/or at a point downstream of the

extruder and upstream of the mixer.

26. A process as claimed in claim 23 wherein the polyester

25 melt is formed by extruding the polyester and the non-
molten acrylic polymer is added to the polyester melt

in the extruder and/or at a point downstream of the

extruder.

30 27. Use of an acrylic polymer as defined in any one of

claims 1 to 18 for forming a fibre.
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28. A fibre comprising the composition as defined in any

one of claims 1 to 18.

29. Use of a composition as defined in any one of claims 1

5 to 18 for forming a fibre.



