-1: METHOD FOR MAKI NG THERMOPLASTI C RESI'N-PELLETS Techni cal FLeld The
present invention pertain to nethods for processing thernmopl adt4%6%2s#ns,
“nore specifically to a nethod for conpoundi ng thernopl astic resi rEoﬁp(L%!
providing a thernoplastic resin conposition in the formof pellets.
Background It is often desirable to conbijie a thernoplastic resin with
other 5 conponents or to convert a thernoplastic resin that is nade in one
formto another formfor nore convenient use in nolding operations. For
exanmpl e, thernoplastic resin that is nade in the formof a powder may be
conbi ned with other conmponents and converted into pellets to provide a

t hernopl astic resin conposition in a formthat is convenient to handl e and
to use in 10 nolding operations. Conventional conpoundi ng techniques

usi ng, for exanple, an extruder or a conpounder such as a Banbury-type

m xer, typically consune |arge anmounts of energy and may subject the
thernopl astic resin to |ocalized regions of elevated tenperature sufficient
to result in thernmal degradation of the thernoplastic resin. In an extrene
case, the 15 exposure to elevated tenperature can result in localized
carboni zation of the thernoplastic resin, manifested as bl ack particul ate
contam nation visible in the thernoplastic resin pellets produced by such a
process.

METHOD FOR MAKING THERMOPLASTIC RESIN PELLETS

Technical Field

The present invention pertain to methods for processing thermoplastic
resins, more specifically to a method for compounding thermoplastic resins

and providing a th_ermoplaStic resin composition in the form of pellets.

Background

It is often desirable to combine a thermoplastic resin with other
s components or to convert a thermoplastic resin that is made in one form to
another form for more convenient use in molding operations. For example,
thermoplastic resin that is made in the form of a powder may be combined
with other components and converted into pellets to provide a thermoplastic
resin composition in a form that is convenient to handle and to use in
10 molding operations. Conventional compounding techniques using, for
example, an extruder or a compounder such as a Banbury-type mixer,
typically consume large amounts of energy and may subject the thermoplastic
resin to localized regions of elevated temperature sufficient to result in
thermal degradation of the thermoplastic resin. In an extreme case, the
15 exposure to elevated temperature can result in localized carbonization of the
thermoplastic resin, manifested as black particulate contamination visible in

the thermoplastic resin pellets produced by such a process.



-2~ Summary of the Invention The present inventi.on .is .directed to a nethod
~for processing a thernoplastic resin, conprising conpressing first
“particles of the thernoplastic resin at a tenperature effective to soften
the particles so that the particles partially fuse to form an aggregate of
the particles and dividing the 5 aggregate into second particles of the

t hernopl astic resin. The nethod of the present invention allows particul ate
t hernopl astic resin to be conpounded wi th other conponents, conpacted and
pelletized at greatly reduced c%&nnm'ahe g duced risk of thermnal
degradation of the thernoplastic ro fiEdhbenildh I ption of the Draw ngs
10 Fi gure 1 Rieopsesenhdnwdritiondisauliregtedoto e \methbd dfori prstefsivig a

conducting press-extrusion processing of ‘thernoplasiic resin conpositions:
Figure 1 (a) sthevmoplastitorefinnc COMPTSRG s SORPHERSEINGe chifsh n partiglesy of heyi | |

with a flat [ . - oEl . | rse .
Cross secti OE%L%I%%%%%aéhgyaﬁv% erl%f: %&g%wglﬁgﬁ%gyﬁ th
perforated rolpaticles partially fued tesformsarnaggrbgataiof thd pantislesand divialing slect i onal

view of a perforated pnold with an.interngl rol]; Figure 1 (d) shows a
schemati c t¥ arABEaegate Hyto second partigleq ofthe hegmoRlasts F$it ed nol d and an

| mill; and | i bGsti
external m an cQ:i method of the &;esaeﬁi ﬂWeﬁ\tll\é%(ean\tN% 2 clatt tAEARGpGstic

transverse cross se Vi ew gear evi ce.
resin to be compounded with other components, compacted and pelletized at

greatly reduced cost with greatly reduced risk of thermal degradation of the
thermoplastic resin.

Brief Description of the Drawin

10 Figure 1 shows schematic drawings of several devices for conducting
press-extrusion processing of thermoplastic resin compositions:
Figure 1 (a) shows a schematic transverse cross sectional view of
a mill with a flat perforated screen; |
Figure 1 (b) shows a schematic transverse cross sectional view of
15 a two roll press extrusion device with perforated rolls;
Figure 1 (c) shows a schematic transverse cross sectional view of
a perforated mold with an internal roll;
Figure 1 (d) shows a schematic transverse cross sectional view of
a perforated mold and an external mill; and |
20 Figure 1 (e) shows a schematic transverse cross sectional view of
a gear wheel type device. '
Figure 2 shows a schematic, partially cut away side view of a press-
extrusion apparatus.
Figure 3 shows a schematic transverse cross sectional view of the mold

25 (100) shown in Figure 2.



Figure 2 shows a schematic, partially cut away side view of a press-
extrusi on apparatus. Figure 3 shows a schematic transverse cross sectional

- view of the nold 25 (100) shown in Figure 2. -3- Figure 4 shows a

| ongi tudi nal cross sectional viewtaken along line 4 - 4 in Figure 3.

Det ai | ed Description of the Invention In-3 highly preferred enbodi nent, the
first thernoplastic resin particles are of a particle size, as determ ned
by sieve analysis, of up to about 5 4.0 millineters ("mi), nore preferably
up to about 2.0 mMMpgeresttshoivsiloRgiidihalrabds\settional aieattaken Aiongiined -dbout
1.0 mm In a highly preferred enmbodi nent, the first thernoplastic resin
partigl eﬁ arelr.'l igure 3% orm of a powder. In a preferred enbodi ment, the

second thernoplastic resin p A .\ € yticle size that is
characterized by | ongitudina = 1féli?§es@1r11 ot 6 16y ,ha | ength, of from
about 1 nmto aboutin6amRightpr srefertide leaibodithentn theo first2 thiemmioplastioutesin nm
and a transverse di nension, for exanple, a,di g)met_er, of fromabout 1 nmto

abo?t 5 gm nbnopa_;‘ﬁpleéﬁ@@ftﬂ patticlepizep 8% detsrmined Py ieva analysis, of Hpdogbght v

preferred epbodinent . the.sec L Cel AS i o i

the form of p‘gbI“é‘ﬂér?etﬁﬂbsr%%P@?&%‘Eﬁ{/rg@%ﬁypf%’r?nﬁugfz Pmo 3l sl hofd © 1 1
preferably from about 0.06 mm to about 1.0 mm. In a highly preferred

embodiment, the first thermoplastic resin particles are in the form of a

powder.
In a preferred embodiment, the second thermoplastic resin particles are

10  of a particle size that is characterized by longitudinal dimension, for example,
a length, of from about 1 mm to about 6 mm, more preferably from about 2
mm to about 5 mm, and a transverse dimension, for example, a diameter, of
from about 1 mm to about 5 mm, more preferably from about 2 mm to about
4 mm. In a highly preferred embodiment, the second thermoplastic resin

15 particles are in the form of pellets, more preferably in the form of
substantially cylindrical pellets.

The step of compressing the first particles of the thermoplastic resin is
conducted at a temperature effective to provide a sintering effect such that the
first particles soften and partially fuse to form an aggregate of the first

20 particles and, preferably, the second particles formed from the aggregate
exhibit good physical integrity.

In a preferred embodiment, compression of the first particles of
thermoplastic resin is carried out at a temperature that is greater than or equal
to the Vicat softening temperature of the thermoplastic resin. As referred to

25 herein the terminology “Vicat softening temperature” of a resin refers to the
softening temperature of the thermoplastic resin as determined according to
ISO 306/B50. In a more highly preferred embodiment, the compression is
carried out at a temperature ranging from the Vicat softening temperature of

the thermoplastic resin up to about 70°C above the Vicat softening



substantially cylindrical pellets. The step of conpressing the first
particles of the thernoplastic resin is conducted at a tenperature

> effective to provide a sintering effect such that the first particles
soften and partially fuse to forman aggregate of the first 20 particles
and, preferably, the second particles forned fromthe aggregate exhibit
good physical integrity. In a preferred ™&nbodi nent, conpression of the
first particles of thernoplastic resin is carried out at a tenperature that
is greater than or equal .,to.the Vicat softening te rature of the.

t her nmopl ast c?e%rﬁt.ugﬁg ﬂﬁ@p@ﬂpfgﬁh@@S%e&@m%ﬁg@&, ﬁ“?\ﬁ‘?’l}ﬁfﬁssw&ﬁt

sof teni ng t enparial e at thezﬁgéﬁ&x@ r&ﬁ%iﬁggmkﬂ abBit $Ab!BuPSodcC IRkt e Of

the thernoplastic resin as teterm ne ccording to SO 306/B50. [n a nore

hi ghl y pr ef er mete gréfertible fromt dbeut dfptee abouin30°C above, diie dVicatasoftening
tenperature ranging fromthe Vicat softening tenperature of the

t her nopl ast i ct%r%%o%eng°MFﬁ% above the Vicat softening
tenperaturg of thgut I L fiiongbl gar%&m r,ession is
carri-ed outsa at a ?gnér?glrgastgﬁrcgﬁ%%{r?gl ngb rom abgut 5%0 é%n EJ&EBI @rr]agéabove,

still nore prakhkrpabéessdsrthat adlecondicted at tdmperatitgsethal Maylrange frove 7¥ite at
sof t eni ng terrgagat ure of the thernoplastic resin. I n, contrast,
Cabr¥d

5 _
convent i onal the Vicatseftening tergperatns;of the thermoplastic 55 esses t hat
d d . . h
are conducted at tg et enbdifiine merfﬁeggaﬁmm&c&x%&éél[ﬁi&le&ﬁéovet e

Vi cat softening tenp t hernoplastic resin.
step of compressing, with a second component, such as for example, one or

10 more of the additives set forth below, and the second component is thereby
incorporated into the aggregate and into the second particles. _

In a preferred embodiment of the method of the present invention, the
thermoplastic resin is processed by a “press-extrusion” technique wherein
first particles of the resin are compressed against a perforated mold and

15 extruded through the perforations of the mold. = Several equipment
configurations may be ﬁsed to carry out the press-extrusion technique.
Schematic drawing of several examples of suitable equipment are shown in
Figure 1.

Referring to Fig. 1(a), compression between a rotating mill (10) and a

20 flat perforated mold (11) with axial extrusion of the resin through the
perforations of the flat perforated mold (11).

Referring to Fig. 1(b), compression between the rolls (20, 21) of a two
roll mill, wherein one or both of the rolls is hollow, with radially inward
extrusion of the resin through the perforations into the perforated 1:011(5) (20,

25 21) and discharge of the extruded resin from the interior of the perforated
roll(s) (20, 21).

Referring to Fig. 1(c), compression of the resin between a cylindrical
perforated mold (30) and an internal mill (31), with radially outward
extrusion of the resin through the perforations of the cylindrical mold (30).



In a preferred enbodi nent. tthe first particles are conbined, prior to the
step of conpressing, with a second conponent, such as for-exanple, one or
10 ‘nore of the additives set forth below, and the second conponent is

t hereby incorporated into the aggregate and into the second particles. In a
preferred enbodi nent of the nethod of thg present invention, the

thernopl astic resin is processed by a "press-extrusion" techni que wherein
first particles of the resin are conpressed agai nst a perforated nold and

15 extruded thro t he pegfo [ f o : I [ prent
configurations ma ’fé"tf%g’ F’&' ég&r)‘ré/)&gﬂfes?lﬁg%ﬁgésggs&?rEEuEsEﬁ‘(egna?%#i’ Ee.
Schemat i ¢ dr apbrigratid SOKE(40) avk anekRend) mili @)Wt radiallpiRwhrderadionn i n
Figure 1. Referring to Fig, 1(a), conpression between a rotating mll (10)

and a 20 fl aof therésin throughsheperfoptions of the rylindsjcel moldb40bf the resin

Fi'o 3(b). conpr ook PBLIR. iR el Soufites g RS d lermidShed (gedf *©
wherei n ong o{yhBels (50751), Wheteth bie bf bbbl dfalie geiirtwheelir(50, 51y is ko) veidi r usi on

of the resin through the perforations into the perforated roll(s) (20, 25
21) and di scheadidlofinward extrusigndof; the resin dhrough the perforations tinto gbe f or at ed

|1 20, 21). ' ' | t ' t
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nm . '

Ina preferred embodiment, the compression of the resin is carried out
10  in an apparatus of the type shown in Fig.1(c). Referring now to Figures 2, 3
and 4, the apparatus (60) includes a housing (62). Rotatably mounted within

the housing (62) is a mold (100) comprising a cylindrical wall (101) exfending '
along a longitudinal axis, said wall having an inner surface (102), having an
outer surface (103) radially spaced apart from the inner surface (102) and
15 having one or more radially oriented passages or perforations (104)
communicating between the inner and outer surfaces (102, 103). The
apparatus further includes a motor (70), power coupling (72) and gear train
(74) operably connected with the mold (100) for rotating the mold (100) about
its longitudinal axis and a hopper (76), screw conveyor (78) and feed chute
20 (80) for introducing thermoplasti-c resin particles into the mold (100). The
apparatus further includes one or more cylindrical mills (106), each mill (106)
extending along a respective longitudinal axis and having a respective
cylindrical outer surface (107), wherein each mill (106) is é.xially aligned with
and rotatably mounted within the mold (100) with the outer surface (107) of
25 the mill (106) in close proximity to, preferably at a distance of from about 0
mm to about 2 mm from, the inner surface (102) of cylindrical wall (101) of the
mold (100). The motor (70), péwer coupling (72) and gear train (74) are
operably connected with the one or more mills (106) for rotating each mill
(106) about its own axis. Resin particles are compressed between the outer

30 surfaces (107) of the mills (106) and the inner surface (102) of the wall (101) of



Referring to Fig. 1(d), conpression of the resin between a cylindrical-
perforated nold (40) and an external m Il (41), with radially inward

" extrusion of the resin through the perforations of the cylindrical nold
(40).. Referring to Fig. 1(e), conpression between two interneshed gear 5
wheel s (50,51), wherein one or both of tée gear wheels (50,51) is hollow,
with radially inward extrusion of the resin through the perforations into
the perforated gear wheel (s) (50, 51) and discharge of the extruded resin
from the int etheaholds (100)eandbextnrdedeic aaciédllysqutivabd dirbytiorl threugh efieored

enbodi nent, the conpressiaon of inis C d out 10 1 n an apparatus

of the type sPoRTe Passages(104) .d%géﬁa?@W%EﬁbW%@%°@%@zﬂo t he
60) i i . . i-t hin..
hougl ng. (60 lortrit MERSmErfe dnRteal pleacll & aRNefBLRME N BIguddE |

al ong a | ongi foydfischhrging extrisdddoresial fforh alke housing (6@per surface (102), having
an outer surface (103) radiall aced_ apart.fromthe_ inner surface (102
and 15 ha¥i ng onélncﬂfl)’f?é?rée4&@¥81§$§e‘&‘ih§ﬁ?@’él Bé?éé‘ifeéo‘brarﬁéﬁ%bﬂﬁgﬁ‘%g (12)4)
conmuni catin t . | A f e a3

Coparat o f o PP R E SubdRAAR orhliOhe SYIAMIEE hrtdee hdflild an e
(74) oper abl ydiaaiteact'©) \of fiorh etontd thof,1MdYe preferablyafrong2 tthet mmh,dar(dl 00)

about its longitudinal axis and a hopper .(78),, screw conveyor. (78),.and feed
chute 20 (80§xteRdingn@long, 3 n&%"ﬁnﬁ?‘é&‘?‘*@"ﬁ‘leﬁx}? Ft?clé‘%gthnt(gat)he mol d
100). Th s : ' N | 106),
(100) € ap@?&é}%ﬂﬁd "th *ER{ M%L@@chﬁﬂ&n&ﬂ Wil @0DY bf 6! 103 100 (106)

each mll (10 tendiPng al ong a respective |ongitudinal axis and having a
respect i veo cyinopel prefedablyufrem 30.tof Zbmnf, sohgrein/therespective longlﬂuldlr(a:l(a@s is
axially all gngP thvcl.lI }agial passages are each oriented radially relative to the longitudinal

axis of the cylindrical wall (101).
The ratio of L to D for the radial passages (104) of mold (100) is
determined separately for each thermoplastic resin in order to obtain an
15 extrudate temperature within the desired range. In a preferred embodiment,
the ratio of L to D for the radial passages (104) is from 5 to 50, more preferably
from 10 to 30, even more preferably 10 to 20. Typically, the extrudate
tenipefature is from 10 to 40°C above the Vicat softening temperature.
In a preferred embodiment, the thermoplastic resin is extruded at a
20 rate of up to 17, more preferably from 2 to 17, even more preferably from 2 to
10, kilograms of thermoplaistic resin per square meter of transverse cross
sectional area of radial passages (104) per second (“kg/m2s”), wherein the
“transverse cross sectional area” means the cumulative area of the openings
defined by the radial passages (104) of the mold (100), ineasured
25  perpendicular to the radially oriented longitudinal axes of the respective
passages. For example, the transverse cross sectional area of the radial
passages through a mold having n radial passages, each defined by respective
substantially continuous cylindrical surface having an inner diameter of D, is

nn(D/2)2



and rotatably nmounted within the nold (100) with the outer surface (107) --of -

25 the mll (106) in close proxinmty to, preferably at a distance of from
-about* 0 mMmto about 2 nmfrom the inner surface (102) of cylindrical wall
(101) of the nmold (100). The notor (70), power coupling (72) and gear train
(74) are operably connected with the onesor nore mills (106) for rotating
each m Il (106) about its own axis. Resin particles are conpressed between
the outer 30 surfaces (107) of the mlls (106) and the inner surface (102) .

of the wall (101) ?ﬂr%uhdﬁﬁyhé e %n(ﬂc%’teﬁpdor@(bf'%g% kflivas " @69 bkey

outward direction one or nore passages in the
mol d wal | ( 10130sitidredt dtahé ousdr surface {108 of themyhndagdlwalk(lﬂlﬂmthd)mdw esin

particles. A discharge chute (8 is. provided for disc ext
resin from t heresipuex I;)as eFﬁ“’HQ r‘g P es 1k?g)radl al

passages (104).are ch S t 3RS IcBhdhs ous -
cylindrical ﬁhf%‘&%" ﬁ‘?ﬁ/cﬂ@ an | nnerﬁglﬁgneﬁ?%rh?%[) ) o? froml t%e% nor e
pref e][ ably %‘r aﬁed e{&tamurﬂrmeeutegrsdtfage @03)af the cplindridal walll(201)iof the nal

axis for a lengt corresponding to t t hj ckness of .cylindri.cal wall
(101), of fronmpmﬁmomawememons %da B PRIRR 3t SeRBe Boner oi n

the respectivegl ongit So qumI nﬁgg a¥féhs dtanb radiapnt ed
radial'ly rel at'il'\7e bl?%d ﬂﬁongl% inal” axi i(-)?i‘i tnﬁg&(szyl | nd?{r%al vvglrl (101).
The ratio of Lpisgaddsf(04)ahé exadsioh ratessages (104) of nold (100) is
Compacting machinery of the type shown in Figures 1(c), 2, 3 and 4
10. that is suitable for conducting the compressing step of the present is

commonly used in food processing and is commercially available from a

number of sources, such as, for example, pelletizing presses sold by Universal
Milling Technology of Boxtel, NL.
In a preferred embodiment, the pellets are dlscharged from the
- 15 compactor onto a vibrating screen to agitate the pellets while the pellets are
allowed to cool to a temperature below their Vicat softening temperature.
Agitation during cooling prevents the formation of lumps or aggregates of the
pellets and allows separation of non-compacted fine particles from the
pellets. The fine particles can subsequently be recirculated to the compactor.
20 In a highly preferred embodiment, the resin pellets are actively cooled
~ using a heat exchange device, such as for example, a counter current air
cooled heat exchanger, known as a “Bunkercooler NBK 19/24" available from
Universal Milling Technology, Boxtel, The Netherlands.
The compacting method of the present invention is applicable to any
25  thermoplastic resin having a Vicat softening temperature of from about 50°C
to about 250 °C, more preferably from about 50°C to about 200 °C. Suitable
thermoplastic resins include, for example, (i) rubber modified thermoplastic
resins and styrehic resins, (ii) polycarbonate resins, (iii) polyester reins and
(iv) polyphenylené ether resins, (v) polyamide resins, as well as (vi) blends of

30 two or more of such resins.



determ ned separately for each thernoplastic resin in order to obtain an 15
extrudate tenperature within the desired range. In a preferred enbodi nent,
-the ratio of L to D for the radial passages (104) is from5 to 50, nore
preferably from 10 to 30, even nore preferably 10 to 20. Typically, the
extrudate tenperature is from10 to 40[err] C above the Vicat softening
tenperature. In a preferred enbodi nent, the thernopl astic resin is extruded
at a 20 rate of up to 17, nore preferably from2 to 17, even nore

preferably from2 to 10, Ki I,I(l),grarrs of . thernopl astic resin per square neter
of transverse (@RsuhbesMadifiediThermaaplagticResing| * hassages (104) per second

("kg/merr]-s"), rey.. y: | 230 t he
curul ative area omﬁﬁ}gwﬁé%@%ﬁéﬁﬁéﬁ'ﬁg tIraa |d£1£%4§sr§%lggg aﬁ:%ﬁ?r of the
nmol d (100), neasdifRd tRermdpslagtivndsinul ar to the radially oriented

| ongi tudi nal axes of the respective passages,, For aml e, the . transverse
cross sectional ar & wfedtheseipglie ferminglogy o tu WW%@W&?FH@“W radi al
passages, each_define s 5},}&& bl | nﬁﬂ’iﬁe ' i cal
surface ha ngmg |%néei}epléf’g%?€?&(‘)#‘etﬁ |_s&ﬁﬁllt _Hﬂ?_t ‘?bn a hihgrwh%/&ggg%‘\g%d
enbodi ment, ongaftemetic epkasievaRpérsed)inaa ecqniiiuous nigida therimoplasticr pkasef ace

(103) of the cylindrical wall (101)_ to cho he resin extrudate i.nt
pel l ets as t hewhsxein @hleast,a pertiqre of the zigly themaopjastic p ‘Fh’?}@&b‘ﬁa]fme

cylindrical wa 0, T | VLS 9 r ' e olinkay, | pbeaced
apart around t#@&%ttﬁ%eu%%@ﬁog&% ir%%eﬁéé;ﬁgdjdrical vvablﬂl' t%‘i%f) of the

modified thermoplastic resin comprises from 5 to 50 parts by weight (“pbw”),

10 more preferably 5 to 35 pbw, still more | preferably 10 to 25 pbw, of the
| elastomeric phase and from 50 to 95 pbw, more preferably 65 to 95 pbw, still
more preferably 75 to 90 pbw, of the rigid thermoplastic phase. |
(a) Elastomeric Phase
Suitable materials for use as the elastomeric phase are polymers having

15 a glass transition temperature _(”Tg") of less than or equal to 25°C, more

preferably less than or equal to 0 °C, and still more preferably less than or
equal to -30°C. As referred to herein, the Tg of a polymer is measured by

differential scanhing calorimetry at a heating rate 20 °C/minute with the Tg

value determined at inflection point.

20 In a preferred embodiment, the elastomeric phase comprises a polymer
having structural units derived from one or more monoethylenically
unsaturated monomers selected from conjugated diene monomers, non-

_ conjugated diene monomers and (C3-Cq2) alkyl {meth)acrylate monomers.

Suitable conjugated diene monomers include, for example, 13-

25 butadiene, isoprene, 123-heptadiene,  methyl-13-pentadiene,  2,3-
‘dimethylbutadiene, 2-ethyl-1,3-pentadiene, 1,3-hexadiene, 24-hexadiene,
dichlorobutadiene, bromobutadiene and dibromobutadiene as well as
mixtures of conjugated diene monomers. In a preferred embodiment, the

conjugated diene monomer is 1,3-butadiene.



motd (100). The dinensions of the extruded resin pellets are determ ned by,
t he conbi ned i nfluences of knife configuration, the dinensions of the
*radi al passages (104) and extrusion rate. Conpacting rmachinery of the type
shown in Figures 1(c), 2, 3 and 4 10 that is suitable for conducting the
conpressing step of the present is commonly used in food processing and is
comercial Iy available froma nunber of -8ources, such as, for exanple,
pelletizing presses sold by Universal MIIling Technol ogy of Boxtel, NL. In
a preferred enbodi nent, the pellets are discharged fromthe 15 conpactor
onto a vibrating sehiable; gongeriugated ndiege| mAnonigss | ’é‘cﬁ%’@' F| examplee

al I owed to C0cﬂthd;lﬂieﬁ]ehﬁwﬁéaﬁaﬁh%&i@ﬁéﬁheyé&&}e ﬁnﬁgapi RstbbRigAET at ure.

Agitation. during cooling preven ormation o s”or aggregates of
the pellets and al lAswsed dereimtthe terof "(Qpi-10)nikydt medns a saight of brapchdd om t he
pel lets. The fine particles can subsequently be recirculated to the
conpactor. 20 alkyl substifuent gropp having fEqm el ta AR sarhepnatomsnper, ouR 3 | et s

are actively c ' > oY) I < le, a
ounter curt enfouate. 16 PG TR K AR APOATY shcoa g I ORI P Nax

19/ 24" avai | abprepil, pentyi hexyk deptytl] odtyly ndayl detydgynddsyk amd dodeeyl, and

Net her | ands. The conpacti ng nethod. of the present inventign is applicable
to any 25 the® BYr g@ﬁﬁl‘)ﬁ%‘VM‘b ’B°"!ﬂ‘8%f’?$§%gﬁsem Yéﬁp’@r%ﬁrﬁﬁé" of from
about 50[ err] GubRoMBRUt ak@0 méihabiylatéORoRsrRéMR! abl Bultable a{tquclﬁgﬂ?rr] Cto
about 200 [err]C. Suitable thernoplastic resins include, for exXanple, (i)

rubber nodifi eg@ndthaerdtt asdrictnere indsdenf @} -Gi)alkpl acrylatd monofnets) such as,
pokycarbonate resins, (iii) polyester reins and (iv) polyphenyl ene ether
resins, (v)o poloyaenataplecsthyd aczylatee| butyls acnyiljtep fisompentyli acrylate, n-hexyl -

acrylate, 2-ethyl hexyl acrylate, and their (C1-C12)alkyl methacrylate analogs

such as, for example, methyl methacrylate, ethyl l methacrylate, propyl
methacrylate, iso-propyl methacrylate, butyl methacrylate, hexyl
methacrylate, decyl methacrylate. |
15 In a preferred embodiment, the elastomeric phase comprisées a polymer
having first structural units derived from one or more monomers selected
from conjugated diene monomers, non-conjugated diene monomers and (C1-
C19) alkyl (meth)acrylate monomers and second structural units derived fron:_\
one or more monoethylenically unsaturated monomers selected from vinyl
20 aromatic monomers, monoethylenically unsaturated nitrile monomers and
(Co-Cg)olefin monomers. Suitable conjugated diene monomers, non-
conjugated diene monomers and (C3-Cj2) alkyl (meth)acrylate monomers are
disclosed above. ,
Suitable vinyl aromatic monomers include, for example, styrene and
25  substituted styrenes having one or more alkyl, alkoxyl, hydroxyl or halo
substituent group attached to the aromatic ring, including, for example, a-
methyl styrene, p-methyl styrene, vinyl toluene, vinyl xylene, trimethyl
styrene, butyl styrene, chlorostyrene, dichlorostyrene, bromostyrene, p-

hydroxystyrene, methoxystyrene and vinvl-substituted condensed aromatic



30° two or nore of such resins. (1) Rubber Modified Thernopl astic Resin
In a highly preferred enbodi ment, the thernoplastic resin is a rubber '
~nodi fied thernoplastic resin. As used herein, the term nol ogy "rubber

nodi fied thernoplastic resin® 5 neans a thernoplastic resin conposition
that conprises a discontinuous el astoneric phase di spersed in a continuous
rigid thernopl asti c phase, wherein at |e®st a portion of the rigid

t hernopl astic phase is chemcally grafted to the el astonmeric phase. In a
preferred enbodi nent, the r bb%{ nodi fied thernopl astic resin conprises
from5 to 50 e Srisyuses s ap-igpframpleqvinyipaphehalens, x1y) asthracess, wow,
still nore prefal aniidies bPvidd] BBhatietndddfnesl, ast oneri ¢ phase and from 50 to
95 pbw, nore preferably 65.t0°95 pbw, still nore preferably 75 to 90 pbw,
of the rigid thernméyl ased cheptinsdhe (tgym "mRbpesthylenicallyPhasatuBatet ahiteile

materials for use as,the elastomeric pha I e | yners havi ng 15 a gl ass
transition tedPeTHEh g‘efn%fﬂf?%&?c%pﬁ)&iﬁfﬁm‘@%éaﬁ'ﬁe ‘?‘gﬂﬁ WRPE nore
preferably d esfiolefide &id @Jeidgld @it dfeéthllenica@elsativkation "Bére nisIEAAE aldy | ess
‘than or equal to -30[err]C. referred to herein, the Tg of a polyner is

neasured by diin¢ludes,forexamplemanyonitriler methacyylemitrileheshlong achtlenigrile,
[err] T/ m nut eﬁ%mg&ﬁeﬂerr] val ue determned at inflection point. 20
In a preferred enbodi meént, the el astoneric phase conprises a pol yner

~ As used herein, the term "(Co-Cg)olefin monomers" means a

compound having from 2 to 8 carbon atoms per molecule and having a single -

10 site of ethylenic unsaturation per molecule. Suitable (Co-Cg)olefin monomers

include, for example, ethylene, propene, 1-butene, 1-pentene, heptene. .
Ina ptdeﬁed embodiment, the elastomeric phase comprises from 60 to
100 percent by weight (“wt%") first structural units derived from one or more
conjugated diene monomers and from 0 to 40 wt% second structural units
15 derived from one or more monomers selected from vinyl aromatic monomers
and monoethylenically unsaturated nitrile monomers, such as, for example, a
butadiene homopolymer, a styrene-Butadiene copolymer, an acrylonitrile-
butadiene copolymer or a styrene-butadiene-acrylonitrile copolymer.
In an alternative preferred embodiment, the elastomeric phase
20  comprises structural units derived from one or more (C1-C12)alkyl acrylaté
monomers. In a more highly preferred embodiment, the rubbery polymeric
substrate comprises from 40 to 100 wt% structural units derived from one or
more (C1-C12)alkyl acrylate monomers, more preferably from one or more
monomers selected from ethyl acrylate, butyl acrylate and n-hexy! aérylate.
25 The elastomeric phase may, optionally, further comprise a minor
amount, for example, up to 5 wt% of structural units derived from a
polyethylenically unsaturated “crosslinking” monomer, for example, butylene

diacrvlate, divinyl benzene, butene diol dimethacrylate, trimethylolpropane



havi ng structural units derived fromone or nore nonoethylenically

unsat urated nononers sel ected from conjugat ed di ene nononers, non-

‘conj ugat ed di ene nononers and (Clerr]-Clerr]) alkyl (meth)acrylate
nononers. Suitable conjugated di ene nononers include, for exanple, 1,3- 25
but adi ene, 1soprene, 1, 3-heptadiene, nethyl 1, 3- pent adi ene, 2, 3-

di net hyl but adi ene, 2- ethyl 1, 3- pentadlené 1, 3- hexadlene 2, 4- hexadi ene,

di chl or obut adi ene, bronobut adi ene and dlbronDbutadlene as wel | as mixtures

of conjugated di.ene nqner referred epbodi Eye conj ugat ed
di ene rononer IIQGE?@IT%DII% i Z‘ﬁe“sed%e?@“' %If eon P

nmononer s i ncl ugReank Bav &W@I&,m&%laués&@awlémeaﬁm&famﬂbwﬁb%ﬁm adi ene,
hexadi ene or phenyl norbornene. As used herein, the term

"(derr]-d err]) al kfhe elagtomeris phasemaypasticulatipin thesesmbadimentstwhereim  gr oup
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hexyl, heptwl, (ﬁetmhcrthuionoﬂewjfurtlwrdemphsaadmdoﬂmyhnt tottexhtifple, up
-term noI ogy "(rret h%’gcryl ate orrers refe coI I S’ ct.ivel y to acryl ate

mononers and ‘et WAk Pf structu rIHI’r@r‘%en"e ¥ tenically_ ensatgrpted ky| i
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as, 10 for exa acryl ate, but | SO- penty ate,

n- hexyl acryl atmqncgne‘shlyaVM@ﬂyfuacmlyl oft ethylandic mheatnra(tﬁpewut}l S[maa't]\alql kyl

rret hacryl ate anamﬁgrsto that of the monoethylenically unsaturated monomers from which

10 the respective substrate or superstrate is derived and a second site of
ethylenic unsaturation with a relative reactivity that is substantially different
from that of the monoethylenically unsaturated monomers from which the
elastomeric phase is derived so that the first site reacts during synthesis of the
elastomeric phase and the second site is available for later reaction under

15 different reaction conditions, for example, during synthesis of the rigid
thermoplastic phase. Suitable graftlinking monomers include, for example,
allyl methacrylate, diallyl maleate, triallyl cyanurate.

In a preferred embodiment, the elastomeric phase is made by aqueous
emulsion polymerization in the presence of a free radical initiator, for.

20 example, an azonitrile initiator, an organic peroxide initiator, a persulfate
initiator or a redox initiator system, and, optionally, in the presence of a chain
transfer agent, for example, an alkyl mercaptan and coagulated to form
particles of elastomeric phase material. In a preferred embodiment, the
emulsion polymerized particles of ela;tomeric phase material have a weight

25  average particle size of 50 to 800 nanometers (“nm"), more preferably, of from
100 to 500 nm, as measured by light transmission. The size of emulsion
polymerized elastomeric particles may optionally be increased by mechanical

or chemical agglomeration of the emulsion polymerized particles, according

to known techniques.



such as, for exanple, nethyl nethacrylate, ethyl nethacrylate, propyl

net hacryl ate, iso-propyl nethacrylate, butyl nethacrylate, hexyl

- met hacryl ate, decyl nethacrylate. 15 In a preferred enbodi nent, the
el astoneric phase..conprises a polyner having first structural units derived
fromone or nore nononers sel ected from gonjugated di ene nononers,

non- conj ugat ed di ene nmonomers and (CJerr]= derr]) alkyl (meth)acrylate
m)noma[]sI and second structural units derived fromone or nore

nonoet hyl eni ca g s selected fromvinyl 20 aromatic
nononers, nono hyI ﬁﬁ%% R girq%s{eed nitrile rmnorrersyand

(derr]- C[err])ol ef'rma ﬁgﬂorméﬁnoplﬁﬂict abdin pbagel gaineprises epBe NnOonomMATe, non-

con ted di d
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|ncluding,_§or“§ le, [err]- nmethyl styrene, p-methyl styrene, vinyl
tol uene, vinyl xylene, trinmethyl styrene, butyl styrene, chlorostyrene,
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aromati ¢ NONONgefived from one or more monomers selected from the group consisting of

(C1-C12)alkyl (meth)acrylate monomers, vinyl aromatic monomers and
10 monoethylenically unsaturated nitrile monomers. Suitable {C1-Cr2)alkyl |

(meth)acrylate monomers, vinyl aromatic monomers and monoethylenically
unsaturated nitrile monomers are those set forth above in the description of
the elastomeric phase.
In a highly preferred embodiment, rigid thermoplastic phase
15 comprises one or more vinyl aromatic polymers. Suitable vinyl aromatic
polymers are those comprising at least 50 wt% structural units derived from
one or more vinyl aromatic monomers. '
In a preferred embodiment, the rigid thermoplastic resin phase
comprises a vinyl aromatic polymer having first structural units derived from
20 one or more vinyl. aromatic monomers and having second structural units
derived from one or more mondethylenically unsaturated nitrile monomers.
The rigid thermoplastic phase is made according to known processes,
for example, mass polymerization, emulsion polymerization, suspénsion
polymerization or combinations thereof, wherein at least a portion of the rigid
25  thermoplastic phase is chemically bonded, i.e., “grafted” to the elastomeric
phase via reaction with unsaturated sites present in the elastomeric phase.
The unsaturated sites in the elastomeric phase are provided, for example, by

residual unsaturated sites in structural units derived from a conjugated diene



As rused herein, the term "nonoethylenically unsaturated nitrile nononer”
nmeans an acyclic conmpound that includes a single nitrile group per 5 °

"mol ecul e and a single site of ethylenic unsaturation per nol ecul e and

i ncl udes, for exanple, acrylonitrile, methacrylonitrile, [err]-chloro
acrylonitrile, fumaronitri.le. As used herein, the term

"(Cerr]-Cerr])ol efin nononmers" means a démpound having from?2 to 8 carbon
atons per nol ecul e and havi ng a single 10 site of et hyl eni ¢ unsaturation

per nol ecul e. Suitable ol efin i pcl ude, exarrpl e,
et hyl ene, prope&p Yfe”fiﬁ§§[ tf’%‘ﬁf'é dn sy é‘th ea"if%?mwf ment ,
the el astoneric R elcorrprl ses from 60 to 100 percent by weight ("w %)
first structural units derived fromone or nore conjugated di ene nononers
and fromO to 40 wt %Imepoefelrred embodindnt.atileast aportimrdf\tbdrigidﬁhemeplesticrmr e
nmononers sel ected from vi n %romat C rmnorrgrs and nonoget hyl eni cal |

unsat urat ed nit & nbsnoWE Yyl A9UePEy  SIIRON, OF BAYSONS o suspension
homopol yner, sa rﬁ@ﬁza{!iéha@éﬁ:lﬂancﬁpoilﬁéﬁ?}ieseﬁ& st ¥laswohieric! phafiutadi ene
copal yner or a s rene- but adi ene-acrylonitrile copol mer. In an alternative
preferred enbodi erigationcinitiaterngystemy fors exampl erc%)er?fF%aésmsiquEt‘m%mﬁml ts
derived from onae,)y&%gfmre (dJerr]-(err])al kyl acrylate nononers. In a nore
highly preferre odi nent, the rubbery polyneric substrate conprises from
40 to 100 wt % struct i &n ahematide prefertedlr enbadiment, atoleast a portlon of the

ronorer s sel ect IRk e s A0k BY /000 PAERSTEAUSroRRIeSoRACER £ | o e
25 They e:_?iﬁ%%ﬂ the RA&Eal TROm wHitH #RdsYomdrit’ pIIRE isCRBY foRrRed afd NOT
anount, for exarple, up to 5 wt% of structural units derived froma
issolved in a mixture of the monomers from which the rigid thermoplastic
phase is to be formed and the monomers of the mixture are then polymerized
to form the rubber modified thermoplastic resin.

The amount of grafting that takes place between the rigid

15  thermoplastic phase and the elastomeric phase varies with the relative
amount and composition of the elastomeric phase. In a preferred .
embodiment, from 10 to 90 wt%, preferably from 25 to 60 wt%, of the rigid
thermoplastic phase is chemically grafted to the elastomeric phase and from
10 to 90 wt%, preferably from 40 to 75 wt% of the rigid thermoplastic phase

20 remains “free”, that is, non-grafted.

The rigid thermoplastic phase of the rubber modified thermoplastic
resin may be formed solely by polymerization carried out in the presence of
the elastomeric phase or by addition of one or more separately polymerized
rigid thermoplastic polymers to a rigid thermoplastic polymer that has been

25 polymerized in the presence of the elastomeric phase.

In a preferred embodiment, the nongrafted portion of the rigid
thermoplastic phase exhibits a weight average molecular weight in the range
of 10,000 to 200,000, as determined by gel permeation chromatography

relative to polystyrene.



polyet hyl enically unsaturated "crosslinking".pmonomer, for exanple, butylene: -
di acryl ate, divinyl benzene, butene diol dinethacrylate, trinethylol propane
‘tri(neth)acrylate. As used herein, the term "pol yethylenically unsaturated”
means having two or nore sites of ethylenic unsaturation per nolecule. The
el astoneri c phase may, particularly in tggse enbodi nents wherein the
structural units of the el astoneric phas€*are derived fromalkyl 5
(meth)acryl ate nononers, further .conprise a mnor anount, for exanple, up

to 5 w% of structural units derived from ol yethyl.eni cal |y _unsat urated
“graftiinking: nondiict Prefeed eitiodient (R cnB® RGEr RefBoeked ROl
nmononer s havi négniprides ah eldstéindfic fhdslcBftiptisttipsapollyaidr Mavidg! snittir@Pahity | t Y
simlar to that of the nonoethylenically unsaturated nononers from which 10
the respecti vederinesh frone ope e mrorst eanjusated giene mpnomers apdoeptionally, of

ethylenic unsaturation wth a rel ative.r i yi t hat I bstantially

di fferent froﬁ“fﬁ':ﬁf.c(?fnﬂr‘fén%%m. | B t‘:??ﬁ%%r%%f‘u&get gﬁﬁﬁ% Oﬁgpghe m-
whi ch the el asihdidd foRNRF aforflitid MRMoRtRrd BAd rhdifoetiiyledicallyt Gndataitad dur i ng
synthesis of the elastoneric phase and the second site is avail able for

| at er react i onnitrilgemongmers; fandr thet rigidathermaplasticl iphass comprisesex qolymer dur i ng
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aqueous emul sion polynerization in the presence of a free radical
initiator, formonomers. _

10 In a preferred embodiment, the rigid thermoplastic resin phase is a
polymer or mixture of polymers comprising from 45 to 90 wt% structural
units derived from styrene and from 10 to 55 wt% structural units dérived
from acrylonitrile. |

Each of the polymers of the elastomeric phase and of the rigid

15 thermoplastic resin phase of the rubber modified thermoplastic resin may,
provided that the Tg limitation for the respective phase is satisfied, optionally
further comprise up to 10 wt% of third structural units derived from one or
more other copolymerizable monomers such as, for example,
monoethylenically unsaturated carbdxylic acids such as, for example, acrylic

20 acid, methacrylic acid, itaconic acid, hydroxy(C3-Cyo)alkyl (meth)acrylate
monomers such as, for example, hydroxyethyl methacrylate; (Cy-
Ci2)cycloalkyl (meth)acrylate monomers such as, for example, cyclohexyl
methacrylate; (meth)acrylamide monomers such, for example as, acrylamide
and methacrylamide; maleimide monomers such as, for example, N-alkyl

25 maleimides, N-aryl maleifnides, maleic anhydride, vinyl esters such as, for
ekample,’ vinyl acetate and vinyl propionate. As used herein, the term “(Cy4-

Cy2)cvcloalkyl” means a cyclic alkyl substituent group having from 4 to 12

carbon atoms per group and the term “(meth)acrylamide” refers collectively

to acrylamides and methacrylamides



20- exanple, an azonjtrile initiator, an organic peroxide initiator, a
persulfate initiator or a redox initiator system and, optionally, in the
> presénce of a chain transfer agent, for exanple, an al kyl nercaptan and

coagul ated to formparticles of elastoneric phase material .

enbodi nent, the enul sion polynerized parjscles of elastoneric phase
mat eri al have a weight 25 average particle size of 50 to 800 nanoneters
("nm'), nore preferably, of from 100 to 500 nm as neasured by |ight
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such as for example, acrylonitrile-butadiene-styrene (“ABS”) graft
copolymers. Suitable ABS-type graft copolymers are comrﬁemially available,
such as, for .example, Cycolac™ resins from General Electric Company.

In a second highly preferred embodiment, the phase comprises

repeating units derived from one or more (C1-Cjo)alkyl acrylates and the

phase comprises repeating units derived from one or more monomers
selected from vinyl aromatic monomers and monoethylenically unsaturated
nitrile monomers, such as for example, acrylonitrile-styrene-acrylate (“ASA”)
graft copolymers. Suitable ASA-type graft copolymers are available, such as,
for example, Geloy'_"M resins from General Electric Company. '

(ii) Aromatic Polycarbonate Resins

Aromatic polycarbonate resins suitable for use in the present
invention, methods of making aromatic polycarbonate' resins and the use of
aromatic polycarbonate resins in thermoplastic mblding compounds are well
known in the art, see, generally, U.S Patent No. 5,411,999, the disclosure of
which is incorporated herein by reference.

Aromatic polycarbonate resins are generally prepared by l:eacting a
dihydric phenol, for example, 2, 2-bis-(4-hydroxyphenyl) propane ("bisphenol
A"), 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane, bis(2-hydroxyphenyl)
methane, 2,6-dihydro>ky naphthalene, hydroquinone, 2,4'-dihydroxyphenyl
sulfone and 4, 4'-dihydroxy-3, 3-dichlorophenyl ether, with a carbonate

precursor, for example, carbonyl bromide and carbonyl chloride, a halogen

rs
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(meth)acryl ate nononers, vinyl aromatic nononmers and nonoethylenically -

unsaturated nitrile nononers are those set forth above in the description

- of the elastoneric phase. In a highly preferred enbodi nent, rigid

t her nopl astic phase 15 conprises one or nore vinyl aromatic pol yners.

Sui tabl e vinyl aromatic polyners are thosig-conprising at | east 50 wt %

structural units derived fromone or nore vinyl aromatic nononers. In a

preferred enbodi nent, the rigid thernoplastic resin phase conprises a vinyl

aromati ¢ pol ynfirmate;i 4 Gishaloformate Usft ardihydwic tphedel; ioreal chrbora@0estemefoor mor e

vinyl aromatic nononers_and havi ng seconqﬁatru t ur.al ugéts deriveﬂ fion1one
thy

or nore nonoet BXANPIEC adiBhemyk o carbanate, nidichiprop mefagbonate, | digap
t her mopl asti ¢ Pﬂ%&&%@%ﬁ%&@:ﬁ&mm HpaReses, for exanple, nass
enul sifon” po

pol yneri zati on, rization, suspension polynerization or
conbi nati ons t her ecfuitabier giomatic |podydarbonate t resinsofindlivde r lipéadt 2Homatic
t hernopl astic phase_is chenmically bgnded, afted" to

el ast omeri c* phRelkycgrbanatesesing brapdhg GF%‘B?‘EFIr B‘ﬁ@iﬁrggéaéé r‘?ﬂ’?s%?ﬁ %’gﬁ'(?ﬁﬁg'
or ovi ded, fof EHRRRE THHET (T G2 Uncaturated sitos in structaral units
derived from a conjSgedblel litkesmn aromaticl Bolycarbbyates sesins incdurden tfor @kamphd, t es in
structural units derived froma graftlinking nononer.
- bisphenol A polycarbonate resin.
Suitable branched aromatic polycarbonates are made, for example, by
10 reacting a polyfunctional aromatic compound, for example, trimellitic
. anhydride, trimellitic acid, trimesic acid, trihydroxy phenyl ethane trimellityl
trichloride, with a dihydric phenol and a carbonate precursor to form a
branching polymer. |
Suitable poly(estecharbonate) copolymers are made, for example, by
15 reacting a difunctional carboxylic acid, terephthalic acid, 2,6-naphthalic acid,
or a derivative of a difunctional carboxylic acid, for example, an acid chloride,
with a dihydric phenol and a carbonate precursor.
Suitable aromatic polycarbonate resins are commercially available,
such as, for example, Lexan™ polycarbonate resins from General Electric
20 Company.
(iii) Polyester Resins
Polyester resins suitable for use in the present invention, methods for
making polyester resins and the use of polyester resins in thermoplastic
molding compositions are well known in the art, see, generally, U.S. Patent
25 No.5411,999.
Suitable polyester resins include linear polyester resins, branched
polyester resins, copolymeric polyester resins and mixtures or blends thereof.
Suitable linear polyester resins include, for example, poly(alkylene

phthalate)s such as, for example, poly(ethylene terephthalate) ("PET"),
30 poly(butylene terephthalate) ("PBT"), poly(propvlene terephthalate) (“PPT"),



In-a.preferred enbodi nent, at least a portion of the rigid thernoplastic
phase is made by an aqueous emnul sion or aqueous suspension 5 -

pol yneri zation reaction in the presence of elastoneric phase and a

pol yneri zation initiator system for exanple, a thermal or redox initiator
system In an alternative preferred enbddnent, at |east a portion of the
t her nopl asti c phase is nmade by a mass pol yneri zation process, wherein the
10 particles of the material fromwhich the el astoneric phase is to be
formed are di pelylayelbalkyleneni xt phthatdte)she newdner s abr om i ch texampleyi d
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t hernmopl ast i cg lyﬁgfs_that has been 25 polynerized in the presence of the

el astoneric phase. In a preferred enbodi nent, the nongrafted.portion of the
rigid 10 Suitable polyester resins are commercially available, such as, for

example, Valox™ polyester resins from General Electric Company.
(iv) Polyphenylene Ether Resins

The polyphenylene ethers (PPE) resins employed in the present
invention are known polymers comprising a plurality of structural

15 units of the formula (1)

Q2 Ql )

wherein in each structural unit independently, each QI is
independently halogen, primary or secondary lower alkyl (i.e., alkyl
containing up lto 7 carbon atoms), phenyl, haloalkyl, aminoalkyl,

20 hydrocarbonoxy, or halohydrocarbonoxy wherein at least two carbon
atoms separate the halogen and oxygen atoms; and each Q2 is
independently hydrogen, halogen, primary or secondary lower alkyl,

phenyl, haloalkyl, hydrocarbonoxy or halohydrocarbonoxy as defined



t her nopl asti c phase exhibits a wei ght average nol ecul ar wei ght in the range
of 10,000 to 200,000, as determ ned by gel perneation chromatography
relative to polystyrene. -14- In a preferred enbodi nent, the rubber

nodi fied thernoplastic resin conprises an el astoneric phase conprising a

pol ymer having structural units derived fygmone or nore conjugated diene
nmononers, and, optionally, further conprising structural units derived from
one or nore nononers 5 selected fromvinyl aronmatic nononers and

nonoet hyl eni cal nsgt ur ated nitriq oner,s nd the rigid er nopl astic
phase c)c/)rrpri sestjog OI%{O f g}g‘sfﬁi?ﬂ&rmygﬁﬁ??“ﬁ’éﬁ:%é&l#ﬂom one or
nore nononers sel ect romyvinyl aronmatic nonomers and nonoethylenically
unsat urated ni t3#94 < dﬁg‘?@?og : In a preferred enbodi nent, the rigid
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from45 to 90 wt % structural Its derive romstyrene a rom 10 to 55
wt % structural The peefeired \reondpolymensr ieothiose icontairfing |2, GHiméthybbiy ner s of

t he el astoneri c..phase and of the rigjd t hey nopl astc,resin phase of the
rubber nodi 3 ecPl{)eﬁ‘X i AP ng‘J’t‘FéF?l,]ﬂ%prCBPP 15 hicludee rARdomyi ¢ ati on

for the respectéogs{yeﬁa?%ggﬁ@agj ﬁfriéidmf#i’etéugﬂaﬂdi% ihWonfiihatiH WS e -UP 10 10

wt% of third structura erived from one or
2,3,6-trimethyl-1,4-phenylene ether units. Also included are PPE resins

containing moieties prepared by grafting vinyl monomers or polymers
such as polystyrenes and elastomers, as well as coupled PPE resins in -

10  which coupling agents such as low molecular weight polycarbonates,
quinones, heterocycles and formulas undergo reaction in known
manner with the hydroxy groups of two PPE resin chains to produce a
higher molecular weight polymer, provided a substantial proportion of
free OH groups remains.

15 The PPE resins are typically prepared by the oxidative coupling
of at least one mono hydroxy aromatic compound such as 2,6-xylenol
or 2,3,6-trimethylphenol. Catalyst systems are generally employed for
such coupling; they typically contain at least one héavy metal
compound such as a copper, manganese or cobalt compound, usually

20  in combination with various other materials.

Suitable PPE resins are commercially available, such as, for
example, Noryl™ polyphenylene ether resins from General Electric |
Company.

(v)Polyamide resins

25 Suitable polyamide resins include linear aliphatic polyamide
homopolymers or copolymers. In a preferred embodiment, the polyamide is -
one or more aliphatic linear polyamide homopolymer resin selected from

nylon resins. Suitable nylon resins include, for example, nylon 6,'nylon 4,6,



nore ot her copol ynerizabl e nononers such as, for exanple, nonoethylenically- .
unsat urated carboxylic acids such as, for exanple, acrylic 20 acid,
"methacrylic acid, itaconic acid, hydroxy(([err]-Clerr])al kyl (nmeth)acryl ate
nononers such as, for exanple, hydroxyethyl nethacrylate; (Cerr]-
Cerr])cycl oal kyl (neth)acryl ate nonomer sjgsuch as, for exanple, cycl ohexyl
nmet hacryl ate; (neth)acryl am de nononers such, for.exanple as, acrylam de
and net hacryl am de; mal ei m de nononers such as, for exanple, N-alkyl 25

mal ei i des, N- aglon 6/8) wy16h &% nyl6H 6,10, 18by 6/12¢ad vyloy 1243 tresifis.SBaftakle, for
exanmpl e, vinyl acetate and vinyl propionate. As used herein, the term
"(Clerr]-  er Pplyasnidemsingare gemmercially available ky| substituent group having

from4 to 12 cafl; . and the term"(nmeth)acrylam de" refers
col l ectively tglggﬁf/%%edgqgsﬁg ms't5 Racr yl am des -15- In a first highly
preferred enbodi nenBlentld &f rthgirfoplaiticTresins, shels as,Clormexantsle,’ bleads iofgheni t s

derived fromone or nore conjugated diene nononers, and may, optionally,
further conpri 8bovesslisqusspy thermoplasts yesing. Asemalieesuitablepfas wsenamthestizst| ect ed

fromvinyl ar O“E&{n %BQWPMIQQM%EMH%@E&?HH%?#Ve LAl ed nitrile

mononer s, and the phase Conpfi ses repeating unit rom one-or nore
mononers sel ect ed fIrpapyferyéd ambodinent,the ehermoplastic resho & Hibleadiof ohe yr
unsaturated nitrile pongnmers, such _as for exanple, .

acryl oni tril e- FAragrbicarhonatesgging withpne qrmere polyester resins, more preferably

-a blend of from 10 pbw to 80 pbw of a polycarbonate resin with from 20 pbw
10 to 90 pbw of a polyester resin. In a more highly preferred embodiment, the
polycai'bonate resin is a bisphenol A-type polycarbonate resin and the
polyester resin is a poly(butylene terephthalate) resin or a poly(eﬁylene
terephthalate) resin.
~ Suitable polycarbonate resin-polyester resin blends are commercially
15 available, such as, for example, XENOY™ resins from General Electric
Company
In an alternative preferred embodiment, the thermoplastic resin is a
blend of one or more polycarbonate resins with one or more ABS resins, more
preferably a blend of from 66 pbw to 99 pbw of a polycarbonate resin with
20 from 1 pbw to 40 pbw of an ABS resin. In a more highly preferred
embodiment, the polycarbonate resin is a bisphenol A polycarbonate resin.
Suitable polycarbonate resin-ABS resin blends are commercially
available, such as, for example, Cycoloy™ resins from General Electric
Company. '
25 Additives
The first pérticles of the thermoplastic resin may, optionally, be
combined with minor amounts, one or more of the conventional additives,
such as, for example:
(1) antioxidants and stabilizers, such as, for example,

30 organophosphites, for example, tris(nonyl-phenyl)phosphite, (2,4,6-tri-



. copolyners. Suitable ABS-type graft copolyners are comrercially avail abl e,
10 such as, for exanple, Cycolac[err] resins fromGeneral Electric
"Conpany. In a second highly preferred enbodi ment, the phase conprises
repeating units derived fromone or nore (CJerr]-Clerr])al kyl acryl ates and
the phase conprises repeating units deriygd fromone or nore nononers
selected fromvinyl aromatic nononers and nonoet hyl enically unsaturated 15
nitrile nononers, such as for exanple, acrylonitrile-styrene-acrylate

("ASA") graft copol ypes Ly tﬁf’&eﬂ?yﬂlﬂ robhn: Y Ll abl e,
such as, for exanple, '&rcﬁﬁh&?? I NS onﬁgﬁee%erﬁagjaé&?ﬁg%gﬁpqgﬁy (i)
Aromat i ;:hPoI ycar b?nagetyﬁd@y?pmmmhrdobdigl;mPMm thM?pememmmf ort
use in the presen i nvention s.of ma ar i C r bonat e
resins and the use é’fphg?ﬂﬂg’f P%WSHW@L}?Y %ﬁgf%m}o E‘F’ﬁ@sﬂ ?MF%E% g

nol di ng conpounds afRcibn lprodiddof Polypheddks . wﬁﬁ%e&@n&wbyfoye%gleent No.
5,411,999, the disclosure of which"is incorporated her ei ref erence

Aromatic pobycar bonhmtgrlatertmactmnepg@dmtaldfypmemécmb‘ly di pengpthem’.i

di hydri ¢ phenol , for e 2-.bi s (4? rox %{0?0 |sphenol
w2 5 Dia(3, 5- i TR 4 Hpasipain,) MHRRER | lodibbRpT . Sty |
met hane, 2, 6-di hydrgg h&@&b& ¢ROR; e&ﬁpa%,a%déxmrwpméﬁa%g@aewl _
sul fone and 4, 4'-di hydroxy- 3-di chl rophenyl ether, with a carbonate

precursor, for exanpéta(3, Edwwm%exmnobmgmmcchl omacide, a with ogen
monohydric or polyhydric alcohols, esters of beta-(5-tert-butyl-4-

10 hydroxy-3-methylphenyl)-propionic acid with monohydric or
polyhydric = alcohols, esters of beta-(5-tert-butyl-4-hydroxy-3-
methylphenyl) propionic acid with mono-or polyhydric alcohols, esters |
of thioalkyl or thicaryl compounds, such as, for example,
distearylthiopropionate, dilaurylthiopropionate,

15 ditridecylthiodipropionate, amides of | beta-(3,5-di-tert-butyl-4-

| hydroxyphenol)-propionic acid;
(2) UV absorbers and light stabilizers such as, for example, (i) 2-(2'-
hydroxyphenyl)-benzotriazoles, 2-hydroxy-benzophenones; (ii) esters
of substituted and unsubstituted benzoic acids, (iii) acrylates, (iv)

20 nickel compounds; '

(3) metal deactivators, such as, for example, N,N'-diphenyloxalic acid
diamide, 3-salicyloylamino-1,2,4-triazole;

(4) peroxide scavengers, such as, for example, (C109-Cpg)alkyl esters of
pB-thiodipropionic acid, mercapto benzimidazole; -

25 (5) basic co-stabilizers, such as, for example, melamine,
polyvinylpyrrolidone,; urea derivatives, hydrazine derivatives; amines,
polyamides, polyurethanes;

(6) sterically hindered amines such as, for example, triisopropanol

amine or the reaction product of 24-dichloro-6-(4-morpholinyl)-1,3,5-



-16- formate, a bishaloformate of a dihydric phenol, or a carbonate ester,
for exanpl e, diphenyl carbonate, dichlorophenyl carbonate, dinaphthyl

. carbonate, phenyl tolyl carbonate and ditolyl carbonate. Suitable aromatic
pol ycarbonate resins include |inear aromatic 5 pol ycarbonate resins,
branched aromati c pol ycarbonate resins, .and pol y(ester- carbonate) resins.
Suitable linear aromatic pol ycarbonates resins include, for exanple,

bi sphenol A pol ycarbonate resin. Suitable branched aromatic pol ycarbonat es
are nmade, for exanmuigzin®withh pél§atet oPysaliaine MBI ba2]2, £6-Rin&hFraPouUNd,
for exanple, trinellitic anhydride, trinellitic acid, trinmesic acid,

tri hydroxy phenyl @ipesidenyhihesang;ty| trichloride, with a di hydric phenol

and a carbonate pr ur SQk f gy r ;ﬁll OstBQLYTer . %ui tabe{a inc.
pol y(ester-carbona o Tre are , 1or xaﬁﬁaeg,n B\‘/mlg qeéé&l ng a
di functional car bobxidec;zia@g@argtg;r[@amt_aﬁitép acid, 2,6-naphthalic acid, or a

derivative of a difunctional carboxylic acid, for exanple, an acid
chloride, vith a di$)iillere apdarisforsing agents: surhes for examples silisates,aliCe

aromati ¢ pol ycar bonat e .4 esi ns, ar ially. availabl.e, such _as, for
exanpl e, Lexan[err]g%gmbglgf%@?@a&g%ﬁﬁg%& neré‘l?mé%é%[?’rﬂcam Conpany.
(iii) Polyester RegdngtHee! aRfitivds k@i BS, forl &xalnpsleS Qibricafits! Sudhh@s Pr fsrent

i nvention, nethods foor making polyester resins ‘and the use of polyester
resins in thernopl &sample, pentaerythritol tetrastearate, EBS wax, silicone fluids,

plasticizers, optical brighteners, pigments, dyes, colorants,
10 flameproofing agents; anti-static agents; blowing agents;
(10) flame retardant additives such as, for example, halogen-containing
organic flame retardant compounds, organophosphate flame re_fardant
compounds and borate flame retardant compounds.
The method of the present invention allows processing of the
15 thermoplastic resin at relatively low temperatures and thereby avoids the risk
of thermal degradation of the thermoplastic resin or promotion of chemical
reaction among the components of a thermoplastic resin composition during
processing.
Rubber modified thermoplastic resin having a rubber content of
20 greater than about 35 wt% typically cannot be processed in an extruder or
mixer due to heat buildup within th-e resin and associated thermal
degradation of the resin during processing. In an extreme case, this can result
in marked discoloration of the resin. In contrast, the method of the present
invention can be used to make pellets of rubber modified thermoplastic resin
25 having a relatively high rubber content, such as, for example up to 80 wt%
rubber.
Typical extruder-based and mixer-based compounding techniques may
result in localized regions of elevated temperature, such for example, along
the surface of an extruder screw, that may result in localized thermal

30 degradation of the thermoplastic resin during processing. In an extreme case,



nmol di ng conpositions are well known in the art, see, generally, U S. Patent
25 No. 5,411,999. Suitable polyester resins include |inear polyester
resins, branched pol yester resins, copolyneric polyester resins and

m xtures or blends t-hereof. Suitable |inear polyester resins include, for
“exanpl e, poly(al kyl ene phthal ate)s such &9, for exanple, poly(ethylene
terephthalate) ("PET"), 30 poly(butylene terephthalate) ("PBT"),

pol y(propyl ene terephthal ate) ("PPT"), -17- poly(cycloal kyl ene

phthal ate)s  theUotalized akermal idegradation 2am kesultial lyddized evdoanatbARE a0l

t erepht hal at e) ("PCT"), _ poly(al kyl ene naphthal ate)s such as, for.

exanpl e, pol y(therpeplastioresin manifestesk 25 blaclpparticulate contamination visible in

pol y(et hyl ene- & PHR ; ) al iear lates) 5
such as, for e%grrp e, 5%1%%(?%%%] éﬁ@ﬁrﬁé p&?@%@%@xyé@“guﬁ efgréﬁ\/@%plg’l“zmeri C
pol yester resippcessiigidtperatare@etilin thofleylasd 6f G sieseqe RaleniiBh preatly '
cycl ohexanedi net.hanol -t erepht hal i ¢ aci d-i sophthalic acid copol ynmers "and

cycl ohexanedi medrge dhe wiskeph theamal degradationtofythenthermgplastis regin phring

copol yners. 10 . ' I ' e .al |y avail abl e,
such as, for e&rgcn%ﬁs&gs%lﬁt %)l% fg?#%t%%%w%ro gssﬂf?ge 'fh%glj%a#écs%ﬁs@% I C
Conpany. (iv) wWwithyepgtsdatienpr&iilds. Resi ns The pol yphenyl ene ethers (PPE)

-resins enployed in the present _
Haled The m%lt processing temperatures used in typical extruder-based or

compounder-based compounding processes can promofe undesirable
10 chemical reactions among the components of the thermoplastic resin
composition, such as, for example, molecular weight increase. In contrast, the
relatively low processing temperatures encountered in the metho& of the
present invention are much less likely to promote undesirable chemical
reactions among the components of the thermoplastic resin composition.

15 Examples 1-4 and Comparative Examples C1-C4

The method of the present invention was used to form pellets of -
several ABS-type rubber modified thermoplastic resin compositions and the
results were compared to those obtained using a conventional compounding

technique.



I nvention are known polyners conprising a plurality of structural 15 wunits
of the formula (1) [err] wherein in each structural unit independently,
each QL is independently hal ogen, primary or secondary |ower alkyl (i.e.,

al kyl containing up to 7 carbon atons), phenyl, haloal kyl, am noal kyl, 20
hydr ocar bonoxy, or hal ohydrocarbonoxy whgsein at | east two carbon atons
separate the hal ogen and oxygen atons; and each @ is independently:

hydr ogen, hal ogen, prinmary or secondary |ower al kyl, phenyl, hal oal kyl,

hydr ocar bonoxy or IThedblisWipganierials\vae vded asesinpondrds of Jherthérmdplasticof t en,
each Qerr] is alkyl or phenyl, especially (ferr] alkyl, and each Qerr] is
hydr ogen. Bot ITesipeopwosi#eRns:and copol yner PPE resins are included. The
preferred honopghyners by B - ci ol A~ nyl ene
ether units. @géﬂt abl e %%%%\ta?%e@?g%%l E%@?éﬁ@ﬁ'%%%%’%g 5%%(&9%%1, for
exanpl e, such units in polytitadiehe)n Wi th 2, 3, 6-trinmethyl -1, 4-phenyl ene et her
units. Also included are PPE resins containing noieties dzr.epa,r.ed by
grafting vinylAMSANer AMSANropalymer(30widsagplopifrila/Shws s snmethydstyraner s, as
wel | as coupl ed PPE re?'r%s lz’ns! 1% whi ch coupling agents such as | ow

nmol ecul ar wei ght pol yc Wha , qui nones, heterocycles and fornulas

undergo reactigBsa N KNYEB graft copolymer (29 wt% acrylonitrile/51wt% styrene/20 wt %
N pbff;ﬁ;itadiene) o _
ABS3 blend of ABS graft copolymer (12 wt% acrylonitrile/27 wt% styrene
/61 wt % butadiene) and AMSAN copolymer (30 wt% acrylonitrile
/67wt% a-methylstyrene/3 wt % styrene)
SAN SAN copolymer (28 wt% acrylonitrile, 72 wt% styrene)

The relative composition of thermoplastic resin compositions A-D are
5 set forth below in TABLEL

TABLEI

A B < b
ABS1 | 25 30 _ 7
AMSAN 75 70 _ -
ABS2 - - 100 -
ABS3 ~ ~ - 75
SAN - - ~ 18
Additives - 17 17 12 17

Samples of the thermoplastic resin compositions A-D in poWder form
were made into pellets by (i) a conventional process of compounding each of
the compositions using a 1.3 liter Farrel Pomini compounder and then dicing

10 the compounded compositions to form pellets, or, alternatively, (ii} by
compacting each of the compositions according to the process of the present
invention using a press extrusion machine, model V3-30C made by Universal

Milling Technology, Boxtel, NL. The press extrusion machine was of the



manner with the hydroxy groups of two PPE resin chains to produce a higher
nmol ecul ar wei ght pol yner,. provided a substantial proportion of free CH

- groups remains. 15 The PPE resins are typically prepared by the

oxi dative coupling of at |east one nono hydroxy aromatic conpound such as
2,6-xylenol or 2,3,6-trinethylphenol. Catgl.yst systens are generally

enpl oyed for such coupling; they typically contain at | east one heavy netal
conmpound such as a copper, nanganese or cobalt conpound, usually 20 in
conbi nation w tg'éné!ﬁ[ d@ﬂgn%hbﬁh m:gﬁieahﬁic) 2u3 Al |4 Wiikh iRPhdSd 278tatin
comercial l'y avail abl e, “such as, for exar e, hbryl[err] Eglyphenyle e

ether resins f mcpld&m&; 4w0Ein§oml anills riyhich. presy rbe yamedel mgnprcﬁﬁssed
Sui t abl e pol yam re5| n ude, | i near .al i phat hono nmer s
or copol yrers. ReHarpto ’?Snﬁ‘ I?Sﬁfd ? ‘gﬂé “8?-3%6&

aliphatic I|i ne%ld%%ﬂ@fﬁeﬁfsﬂm nk€Sin selected fromnyl on resins.
Suitable nylon resins include, Tor exanple, nylon 6, nylon 4,6, -19-

nylon 6,6, dylon 6,9, nyMold$1 10, 141=§/$Q)mn6§11QDa=n30m1ob/DZ= 16.66Zsi ns.
Sui t abl e pol yani de resi nﬁloﬂgz_con'ﬂe__;gé al | Xnéuba_ %bl e. L}'ﬁ'-)ls-r&ﬁ)r nopl ast.i c

resin Bl ends

The press extrusion machine was operated at a production rate of from about
200 to 400 kilograms per hour (kg/hr), corresponding to a resin flux of from
about 3.8 to about 7.5 kg/m2s. The .compaction process of the present
10  invention produced thermoplastic resin pellets and a small residual amount,
that is, less than 1 percent by weight, of non-compacted thermoplastic resin
powder. .
A vibrating screen was placed below the compactor. to.separate the
pellets from non-compacted thermoplastic resin and to allow the
15 thermoplastic resin pellets to cool. This screen’Ha an average residence time
of 15 seconds, when the pellets leave the screen the temperature of the pellets -
had dropped approxunately 20°C -
The thermoplastic resin pellets produced were typically about 3 to 5
_ mm in length and about 3 mm in diameter and exhibited good integrity. | v
20 .~ -Pellets obtained through convéntional processing and through the
method of the present invention were then injection molded on an Arburg
" Allrounder 270M m]ectxon molding machine using a temperature prof;le as
follows zone 1: 240°C, zone 2: 245°C, zone 3: 250°C, zone 4: 245°C-and mold:
70°C at an injection pressure of 1800 bar, a clamping force of 350 kiloNewtons
255, (kN) and an injection molding speed of 20 cubic centimeters per second to
-form test specimens. o '_ '
The melt index of each of thermoplastic resins A D was measured
according to ISO 1133 at 220°C using a 10 kilogram weight. The Vicat
softening ‘temperature of each of thermoplastic resins A-D was measured

30 according to ISO 306-B120. The impact strength of test specimens molded



Bl ends of thernoplastic resins, such as, for exanple, blends of the 5
above- discussed thernoplastic resins, are also suitable for use as the
first” thernmoplastic resin particles in the method of the present invention.
In a preferred enbodi ment, the thernoplastic resin is a blend of one or
nore pol ycarbonate resins with one or no pol yester resins, nore
preferably a blend of from 10 pbw to 807fbw of a pol ycarbonate resin with
from 20 pbw 10 to 90 pbw of a polyester resin. In a nore highly preferred

enbodi ment, t o] r e resin is a bisphenol.A-typ ol ycar bonat e
resin and thelgﬁ)éllFB yé%@%r %?(I}gl ntl}egr.ngp 188681 (rsﬂpyf)o‘gﬁgosg%?rgp ﬁt’ﬁa?’ﬁdé) gYe n or a
pol y(et hyl ene cbfveéitidhhbprdicss andFtdin pellets b ki thetmEplabii bR doBfpdiitRisy est er
resin blends are coomercially 15 available, such as, for exanple, XENOY

resi ns from GémBrmpdebgdhe prescgxiusion methad of the presentdnpendiasy were each

enbodi ment, the thermoplastic Ia nd of one or nore pol ycarbonate
resins with o%eaﬁyr%gor%gpw/?w‘gﬁgz?éferabl y a blend of from 66 pbw
to 99 pbw gf a pol YRertheRAdSlastRS résin dobnpditidroisdd, PEY ielé GndiWopfthgn ABS

resin. In a nore highly preferred enbodinent, the polycarbonate resinis a
bi sphenol A p@te;mpgasnatresme@mposmm usede gxpressed i gzarnss ipesild- mBBitessi n

bl end I al.l I Labl h f I I '
D o ar 2 O BB, s, 8 B2 o “aleHhs B Rerm AR i, o
t her nopl ast i € cb bﬁﬁBﬁXxlse& Fi8ed ¥h °® P VAT (Y Yhd pricBR uRHPHAL S5, One Or

more of the conventional addftives,
the above-described “Compacting” process according to the present invention

10 or the above-described conventional “Compounding” process, the processing
temperature, expressed in °C, wherein the notation “>” means greater than,
the mold used, the density of the resin pellets formed, expressed as kilograms
per square meter (“kg/m?") and the impact strength of test specimens molded
from the thermoplastic resin pellets, expressed in kiloJoules-per square meter

15 (“KJ/m?"), are each set forth below in TABLE II for each of examples 1-4 and

comparative examples C1-C4.



such as, for exanple: (1) antioxidants and stabilizers, such &as, for
exanpl e, 30 or ganophosphites, for exanple,
tris(nonyl - phenyl ) phosphite, (2,4,6-tri- - 20-

tert-butyl phenyl) (2-butyl-2-ethyl-1, 3-propanedi ol ) phosphite, bis(2,4-di-

t - butyl phenyl ) pentaerythritol diphosphit26-or di stearyl pentaerythritol

di phosphite, as well as al kyl at ed-nonophenol s, pol yphenol s, al kyl at ed
reaction products of polyphenols . with dienes, such as, for exanple, 5

butyl ated reaction products of para- cresBABhEdIdlcyclopentadlene al kyl at ed
hydr oqui nones, _hydr ox Iated hi od] henyl et ers al ky] i dene- bi sphenol s,
benzyl conpounBXt # enolg—@ers X’I Vicat  Densify

bet a- (3, 5- di-tert- but yl 4hydroxy o] 3
nonohydri ¢ or pol yhydric alcohoggﬁﬁgéﬁ%ﬁi g¥&%%?5 (éﬁgﬁTt buggj ﬂ%%pl
hydr oxy- 3- met hyl phenyl ) - propionic (¥@id w @i/mAonol{gdtdc or polyhydric

al cohols, esters of beta-(5-tert-butyl-4-hydroxy-3- rret hyl phenyl )

propi onic acid with nono-or pol yhydri c al cohols, estB) of t hioal kyI or

t hi oaryl conpoupds, guch a fo arylt pr opi te,

di I auryl t hi opr lcj){|c])| onat e, § Co ﬁgﬁ‘t rléecy ﬁngodl prrc?plloonat ei){ﬁ1 of
beta-(3,5-di-tert-butyl - 4 hydr o12p1@81Ql ) - propi onic acid; (2) UV

absorbers and ljght stabilizers such as, for example, (i 2-(2' - '
¢ A Ssamle, ) & 513

- Compoundmg,
 >190°C
2 B 2 Compacting, 18 5 112 520
120-126°C B
C2 B -~ Compounding, 18 5 112 513
>190°C
3 C 1 Compacting’ 28.2 .57 - 98 504
109-110°C
'C ' C ~  Compounding, 262 5.8 99 502
>170°C
4 D 2 . Compacting 10 6 110 550
115-120°C
C4 D ~  Compounding, 10 6 110 528
>190°C

The results i;Idicate that the pelletized ABS type compositions made by
 the press extrusion process of the present invention compare favorably with
those made by conventional extrusion techniques. |
5 Example 5
The amount of electrical energy used to process an ABS type
thermoplastic resin composition by each of three different processes , that is,
() in a conventional compounding process (Farrel Pomini compounder,

operated at a production rate of 2500 kg/hr), (ii) in a conventional extrusion



hydr oxyphenyl ) - benzotri azol es, 2-hydroxy-benzophenones; -(i.i) esters of
substituted and unsubstituted benzoic acids, (iii) acrylates, (iv) 20

- ni ckel compounds; (3) netal deactivators, such as, for exanple,

N, N - di phenyl oxal i ¢ aci d di am de, 3-salicyloylamno-1,2,4-triazole; (4)

per oxi de scavengers, such as, for exanpleyp7(Clerr]-Clerr])al kyl esters of
‘[err]-thiodi propionic acid, nmercapto benzi m dazole; 25 (5) Dbasic
co-stabilizers, such as, for exanple, nelam ne, polyvinylpyrrolidone,;
urea derivati ve:pro&ieydr(Wdrﬁa dzerﬂﬂuaéﬂeyemmmmmaswwlemmdéﬁSopmteuuaetahanes
(6) sterically hindered am nes such as, faor nple, trii sopropanol am ne

or the reacti on PsP@RRtion rate of 6 W@F’%“J‘H agd (it ﬁ%?mﬁﬁﬁsrei’f?l“f‘ol‘ pyocsss of theyq
triazine with a 6 | - 4-

pi peri denyl) hefg%eexméymnheo&t ?%Jﬂilvgie@rafs‘q\gﬂ% ﬁsecﬁf‘agééilrﬁ?négt gg?g’?gns{rfé%ney um
oxi de, zinc oxi dstrumbncmadmm’)aws, rrleysin'ed andinarmatized for the (dhouritl dferesinand

rei nforcing agents a for exan:ﬁ e, silicates, %\;rr%nlgl ass fibers,
carbon bl ack,’ grpéﬂ?ﬁsf to(ga culateihe SPETHIS BRerBY 4page perdop o PHCREEN | ves
such as, for exaa%ﬁci‘ated Wothi &RR 08 tl%élﬁi‘bc@s%es TliHVﬂQG@b?ess B%Hﬁﬁ@ﬁﬂi&hiﬂeo'

tetrastearate, EBS wax, silicone fluids
: was operated using a mold havmg a total of 6528 radial passages (24 rows of

272 passages per row, each passage having dimensions of 3.0 mm diameter by

50mm) at a production rate of about 1200 kg/hr, corresponding to a resin flux

10 of about 3.8 kg/m2s. The results of the study are set forth below in TABLE

| 111, expressed as kiloWatt-hours per ton of themoplasﬁc resin composition
processed (“kWh/ton").

TABLE III
Process Specific Energy Consumption (kWh/ton)
Mixer 456
Extruder _ 508
Press-extrusion 56

The results indicate that the press extrusion process of the present |
15 invention provides a dramétic energy savings compared to conventional
compounding and extrusion processes.
Example 6
Pigmented ABS type thermoplastic resin compositions were made by
adding a black pigment (Monarch 800, Cabot Company) to an ABS type
20 thermoplastic resin composition to form a color concentrate, mixing the
concentrate using a Farrel Pomini compounder, grinding the concentrate to
form a powdered color concentrate and then combining the powdered color
concentrate with a powdered ABS resin composition to form a molding

compound that contained about 0.5 percent by weight of the black pigment.

(28]
n

Samples of the blended powders were then processed by a convention

compounding and extrusion method or by the press-extrusion method of the



pl.asticizers, optical brighteners, pignments, dyes, colorants, 10

fl ameproofing agents; anti-static agents; blow ng agents; (10) flane
retardant additives such as, for exanple, hal ogen-containing organic flane
retardant conpounds, organophosphate flane retardant conpounds and borate
flame retardant conmpounds. The nethod ofzghe present invention allows
processing of the 15 thernoplastic resin at relatively |ow tenperatures
and thereby avoids the risk of thermal degradation of the thernoplastic

resin or. pr ontﬁrggyﬂtﬁ{vegﬂgﬁt@ﬁim{@gﬁtﬂéuasamng t he conponents of a
t hernopl astic resin conposition during processing. Rubber nodified

t her mopl asti ¢ resi Aestaspegignensrmplsied fzom: pellets byyeach: ef thenrespedsivet 35

bui | cop. v t h a0 e HERRES Pl AP R AT st o0 G Chne resin

during procesExathpld? an extrenme case, this can result in nmarked
di scol orati on “of t'ﬁe resin. In contrast, the nethod of the present

i nvention dan be uPeletizationiad palyphanyleste ethenresimbyliconzentional expiusioni ¢

resin 25 having a relati.v hi (] [..conten such as or, exanpl e up
o B0 weos r apiseorriglss) Bimicelly shd. SRR o xie. THR. Q30 450 e
techni ques maydegRfdationiafd!iR 6 ¥idcesify mefasGudto &l Ri¢AlaSsin MBREARE WefghtSuch
for exanple, along the surface of "an extruder screw, that may result in

| ocal i zed t heresultingundesizedside rgactions: he t her nopl astic resin during
processing. In an ithgx%ﬁe 8 ’polyéheny!ene oxide powder made by oxidative
10 coupling of 2,6-ditethyl phenol and having a particle-size of up to 5000
micron, an intrinsic viscosity of 39.3 milliliters per gram (ml/g), a Vicat
softening temperature of 195°C and a molecular weight, as measureci by gel
permeation chromatography, of 31,257 grams per mole (g/mol) was
compacted and pelletized according to the procedure described ébove in
15 Examples 1-4 at a production rate of 200 kg/hr using the V3-130C press
extrusion machine (Universal Milling Technology) equipped with a mold -
having 3mm diameter by 35 mm long radial passages. The resin pellets exited
the press extrusion machine at a temperature of 160°C.
The intrinsic viscosity of the polyphenylene oxide after compacting
20 was 394 mi/g and the pellets made by the press extrusion process of the
present invention exhibited good integrity and showed no discoloration or

other evidence of thermal degradation.



-22- the localized thermal degradation can result in |localized
carboni zation of the thernoplastic resin, manifested as bl ack particul ate

- contam nation visible in the thernoplastic resin pellets so produced. In

contrast, the relatively | ow processing tenperatures used in the nethod of
the present invention greatly 5 reduce bbe risk of thernal degradation of
the thernoplastic resin during processing and the associ ated contani nation
of the thernoplastic resin pellets with degradation products. The nelt

processi ng tenpgnhaieges used in typical extruder-based or conmpounder-based
conpoundi ng processes can prormte undesirable 10 chem cal reactions anong
the conponents of thelletizationo mfapolycarbonate crasiioshy i eenventionalasextfusion

o acesel ng. 1 crtberug oAl BB ieorfatiRkbRRk i bRy hiiate et on

are nuch | ess |i keta/sdifjple’c @RtaforaGEpol e&b&lﬁbeéa&aéﬁvaﬁﬁbm&pﬂﬁam the
corrponenté of the t her nopl astic resin c;orrp05|t|on 15 Exanples 14 and

Conpar at i ve - Eeadplinsgaie gyl xingen irfringic viscesify efabout 49136!11/ gaendige¥icatsed t o
formpellets of,several ABS-t ber nodifie e Iatlc r, &3 kN
conposi ti ons s0tening Empsrat %gfe£§§n¥§? sepact F‘ﬂ&?g WE@E Ti’ﬁ\§ o
conventional GRERREENRE deS&ibai®Hbdve in Examples 1-4 at a productlon fate of 200

) kg/hr using the V3-130C press extrusion machine (Umversal 'Mxllmg

3

.. Technology) equipped with a mold having 3mm diameter by 25 mm‘i6ng

10 radial passages to form pellets. The resin pellets so formed exited the press
extrusion machine at a temperature of about 160°C. T )

-~The compacted pellets exhibited good integrity and’ showed no

discoloration; black specks or ‘other evidénce of thermal degradation. The
intrinsic viscosity of the polycarbonate resin pellets was about 49.3 ml/g.

15 The press extrusion process of the present invention prov1des a high

yield of thermoplastn’: resin pellets at. greatly reduced cost “with greatly

reduced risk of thermal degradation.



-23- The following materials were used as conponent s- of thi&|!||“i“|'ﬂ)“lﬁhll!“il!l|

resin conpositions: ABS1 ABS graft copolynmer (12 wt %

acrylonitril e/ 36w % styrene/ 52 wt % pol ybut adi ene) ANMSAN AVMSAN copol yner

(30 wt% acrylonitrile/ 67wt % a-nethyl styrene /3 wt % styrene) ABS2 ABS

graft copolyner (29 w% acrylonitrile/51vgg styrene/ 20 wt % pol ybut adi ene)

ABS3 bl end of ABS graft copolyner (12 wt% acrylonitrile/ 27 w% styrene

/61 wt % but adj} . and AMSBAN copol yner (30 wt% acrylonitrile /67wt %

a-nmet hyl styrené/ 3 Wt % styrene) SAN SAN copol yrmer (28 wt %

acrylonitrile, 172 wAY%nwthodnfor Poecel ﬁt of/ea cihermoplastitn rediny I’m&ﬁmﬁi@gt ic

resin conpositions A-D are 5 set fo th below in TABLE |. TABLE I

B compressing first patHides of the thermoplgeglc resin at a teggperature

7 AVBAN _effective [ softexlgbe partlcl@ so that tkggéxrtzcles partially fuse to {dB2an
75gg$égate of the particles and-dividing the aggregate into second particles of

18 Addi tives 1.7 1.7 1.7 Sanpl es

of the ther mpﬂﬁ@?@?l@%ﬁmlﬁﬁﬁpo& tions AADin powder form
2. The method of claim 1, wherein the first particles are in the form of a
powder and the second particles are in the form of pellets. -
3. The method of claim 1, wherein the thermoplastlc resin compnses one
y or more- of rubber modified thermoplastlc resins, polystyrene “resins,
polycarbonate resins, polyester reins, polyphenylene ether resins and
""\:':.'poljriniide resins.
4. The method of claim 1, wherein the thermoplastic resin comprises a
rubber modified thermoplastic resin. . . ’ ‘

=y -3, ’ The method of claim 1, wherein the thermoplastic resin comprises an
' }ac‘ryloniu'ile-butadiene-styrene resin or a styrene-acrylonitrile resin.
6. The method of claim 1, further comprlsmg combuung, prior to the step
of compressing, the first particles with an ‘additive selected from the group
o cons1st1ng of antioxidants, stabilizers, UV absorbers, hght stabilizers, metal
‘deacnvators, peroxide scavengers, basic co-stablhzers, sterically hindered,
amines, neutralizers, fillers, reinforcing agents; lubricants, plasticizers, optical
brighteners, plgments -dyes, colorants,, ﬂameproofmg agents; anti-static
agents; blowing agents flame retardant addmves and mixtures thereof.
7. The, method of claim 1, wherein the temperature that is equal to or
greater than the Vicat softening temperature of the thermoplastic resin.
8. The method of claim 1, wherein, wherein the compressing is carried
out by compressing the first particles against a perforated mold and wherein

the aggregate is extruded through the perforations of the mold.
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were made into pellets by (i) a conventional process of commlmm&wﬂ“m
the conpositions using a 1.3 liter Farrel Pom ni conpoundef'§ ! s

10 the conmpounded caonpositions to formpellets, or, alternatively, (ii) by
conpacting each of the conpositions according to the process of the present
I nvention using a press extrusion nmachi ndl- nodel V3-30C nmade by Uni versal

M I 1ing Technol ogy, Boxtel, NL. The press extrusion machi ne was of the

-24- general desi 9frhahA¥Rol Mg Q,lswi'\(eféim, whereir? Btk ﬁoemﬁ%'féeiﬁgg%‘%%%‘ad a

rotating nold, with two internal mlls which press t el ng

processed r adiitiuging s pressextrusivroapparatsf saicdapparatuscomtpeising: d.  The nol ds
used had holes with the | | ow ng, di ensi ons:, 5 . .. | d #1: L =
50 m and D = 3.0 AnfoABSLIARNERY Mgl oppring a_culindfifeb welbeendEm L o
= 15.000 The Ri&SS a St WtlgRRAIRE Akide sh8SwSP B %gliﬁdr@éa?‘i'iﬁ_?ér'éﬂ}farcéte of
from about 200 to 400 kil ograns per hour (kg/hr), corresponding to a resin
flux of from daving 8 cplindricabouter susfake radislly bpacediapaciofipacttiectylindeicalss of

the present 1Q invention rggu.ced t hermopl asti g, gesin pellets and a snall
resi dual anourfnet § a‘F%,aIH%e vingaOn¢ BE IR TBGiallX; gHenteds PasiRgeD Mact ed

ther nopl asti Cg&ﬁ&ﬁ&ﬁ%ﬁﬁnu X l?ét&v@&\ﬁfériﬁﬁé}é%ﬁo&%xaﬁ&ﬁac%' ow the
conpactor to sSeparate the pellets from non-conpacted thernoplastic resin
and to allow the means for rotating the mold about the first axis,

means for introducing thermoplastic resin particles into the mold,

one or more cylindrical mills, each mill extending along a respective
longitudinal axis and having a respective cylindrical outer surface and
wherein each mill is axially aligned with and rotatably mounted within the
mold with the outer surface of the mill in close proximity to the inner surface
-of cylindrical wall of the mold, and

means for rotating each mill about its own axis,
wherein the first particles are introduced into the mold and compressed
between the outer surfaces of the mills and the inner surface of the wall of the |
mold and the aggregate is radially outwardly extruded from the mold
through the one or more passages defined in the mold wall.
10. The method of claim 9, wherein the apparatus further comprises
cutting means for contacting the aggregate to divide the aggregate into the
'second particles.

11.  Thermoplastic resin pellets made by the method of claim 1.

This Sheet Has Been Replaced - ' - THIS SHEET HAS BEEN
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15 . thernopl astic resin pellets ta cool. This screen has an average

resi dence tinme of 15 seconds, when the pellets |eave the screen the
tenperature of the pellets had dropped approximately 20[err] C. The

thernopl astic resin pellets produced were typically about 3 to 5 mmin

| ength and about 3 nmin di-aneter and exhigpited good integrity. 20

Pel l et's obtai ned thr ERgHODOFPRNMAKING PHERMOBLAST 20 JRESINUBBLLEES met hod of
the present invention were then injgetl. &tﬂ@hﬂ%ﬁgﬂ an Arburg Al rounder
270M i nj ection nol di ng nachi ne us‘rTgT'{len'p'er'a‘rm'e— rofile as follows: zone
1:240[err] C, zone 2:A2dbfieid proceasing :themRjplasticCrestorificlddes’ 4hé atégsCond
nol d: 70[err]C at an injection pressure of_ 1800 _bar, a clanping force of

350 ki | oNewt onsComspressing fist particles «oft then thenmeplastispresin @it 20tempeirature

centineters per ach of
t her nopl astic reefge%?liggi E)&Qer{ a{rféggsur §§?§%ﬁ§@ﬁ:ar@i§ﬁ g%hﬁggg&{t 2%6% I?’] C
using a 10 kil o ate iof tie ﬁmleymdtdlﬁﬂiﬁ thenggrapeintd deendl pLaeles of

t her nopl astic ré‘gsiﬁﬁgs A- D vvag measur ed 30 %ccorgk to I SO :-?OGP B120. The

i npact st r engt hthsf thesmoplastic ireginsan|aliows partirglate thermpaplastics resin tthebe
t her nopl astic rgo%béa %mgg Ye i40 rgce and
frompellets of < er m%p as gé\r%s@?%&)npgé?ﬁpgﬁg&i%d Bgc (gyaleﬁ%%bress

extrusi on net hodiegr&détimqsfrthedmrmoplasﬁtresm wer e each measured according to
| SO 180/ 1A at 23[err] C.

Figure 2



5 ) The thernoplastic resin conposition used, the nelt index of the
t her nopl astic resin conposition used, expressed in grams per 10 m nutes,
("9/10 mn"), the Vicat softening tenperature of thernoplastic resin
conposition used, expressed in [err]C ("Vicat T ([err]C"), .the process
used, that is, the above-descri bed "Conpacti ng" process accordlng to the
present invention 10 or the above-described conventional "Conpoundi ng"
process, the processing tenperature, expressed in [err]C, wherein the
notation ">" nmeans greater than, the mil used, the density of the resin
pell ets formed, expressed as kilograns per square neter ("kg/nferr]") and
the inpact strength of test gpeci nens ool ded fromthe thernoplastic resin
pell ets, expressed in kil oj es per sfuare neter 15 ("kJ/nferr]"), are
each set forth below in TABL ch of exanpleﬁnl 4 and conparative
exanpl es Cl- CA4. - 26- TABL Nbld Process, ~ |npact
Mel t Vicat Density Tenper N\ Y T([err]CD

(kg/ merr] ([err]C) (kJ/n{ 1 A
Conpacti ng, 11.

- Conpoundi ng, 12. 6

1
[err]C C1 A
90[err] C

-

S0
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2 B 2 Conpacti ng, 18 5 112 520

120-126[err] C C2 B. - Conpoundi ng, 18 5 112
513 >190[err]C 3 C 1 Conpacti ng - 28.2 . 5.7 98

504 109-110[err]C C3 C - Compoundi ng, 26. 2 5.8 , 99
502 >170[err]C 4 D 2 Conmpacti ng 10 6 110
550 115-120[err]C 4 D - Conpoundi ng, 10 6 110

528 >190[err]C The results indicate that the pelletized ABS type
conpositions nmade by the press extrusion process of the present invention
conpare favorably with those nade by c@d¥enti onal extrusion techniques. 5
Exanpl e 5 The anount of electrical energy used to process an ABS type

t hernopl astic resin conposition by each of three different processes , that
is, (i) in a conventional conpounding process (Farrel Pom ni conpounder,
operated at a production rate of 2500 kg/hr), (ii) in a conventi onal
extrusion -27-

?‘\ %\,Lre 2

Nl
1%
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prqocess (Werner & Pflederer 30mmtwin screw extruder, operated at a
production rate of 600-2500 kg/hr and (iii) in a press-extrusion process of
st he present invention (Universal MIIling Technol ogy nodel V3-150C press-
extrusi on machi ne) was neasured and nornalized for the ambunt of resin 5
processed to cal cul ate the specific energy usage per ton of thernoplastic
resin associ ated wth each of the processes. The V3-150C press extrusion
machi ne was operated using a nold having a total of 6528 radi al passages
(24 rows of 272 passages per row, eacl3/3assage having di nensions of 3.0 mm
di aneter by 50nm at a production rate of awbut 1200 kg/hr, gﬁrresponding
to aresin flux 10 of abou rijfs. The results Y e study are
set forth belowin TABLE Ill, expressed ki) oWt t - how's per ton of

t hernopl astic resin conposition process (*%Wy/ ton" TABLE Il Process
Speci fic Energy Consunption (th/ton)

456 Extruder 0 ,
56 The results indicate that
i nvent'i on provi des a dramati
conpoundi ng and extrusion pry

. Press-extrusi on

g/ on process of the present 15
an-azeé-to conventi ona

) éEHQBS type

: WD b ck pi gment

(Monarch 800, Cabot ConpaRry - ﬂquf’ ::?SFTnD astic resin

conposition to forma col @ ) @ "8

e,

1F\BUHL‘5 //fK)l

/’\O‘l

\ o
F\aufe. L‘
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concentrate using a Farrel Pom ni conpounder, grinding the BREEMmTBe to
form a powdered col or concentrate and then conbining the powdered col or
-concentfrate with a powdered ABS resin conposition to forma nol ding
~conmpound that contained about 0.5 percent by weight of the black pignent.
25 Sanples of the bl ended powders were then processed by a convention
conpoundi ng and extrusion nethod or by the press-extrusion nethod of the
-28- present invention to formresin pellets. Test specinens nol ded from
pell ets made by each of the respective nqy@pds exhi bited identical black
“col or by visual exam nation. Exanple 7 5 Pel | etization of

pol yphenyl ene ether resin by conventional extrusion techniques typically
results discoloration of the resin due to thernmal degradation and in a
viscosity increase due to an increase in nolecular weight resulting

undesi red side reactions. sanpl e of a pol yphenyl ene. oxi de—pawder made by
oxidative 10 couplipg o ~di fret hyl phenoi@ 9\"‘?#‘3@27@“‘7’:» péle-size
of up to 5000 m gyor-tan i j nsi ¢ viscosity of “g§. 3 y per gram
(mM/g), a Vicat softehi re of 195[err[\§ afld ar wei ght,
as nmeasured by gel pk rat ogr aphy, of 3 mol e

above in T

Fig.1(b)

Fig.1(a)

Fig.1(e)
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15 Exanples 1-4 at a production rate of 200 kg/ hr using the V3-130C press
extrusi on. machi ne (Universal MIling Technol ogy) equipped with a nold
-having 3mm di aneter by 35 nmlong radial passages. The resin pellets exited
t he press extrusion machine at a tenperature of 160[err]C. The intrinsic
viscosity of the pol yphenyl ene oxide after conpacting 20 was 39.4 nm/g and
the pellets made by the press extrusion process of the present invention
exhi bited good integrity and showed no discol oration or other evidence of

t her mal degradati on. -29- Exanple 8 Pe])etization of polycarbonate resin
by conventional extrusion techniques typi aﬁly results in contam nation of
the pellets by black specks. A sanple of an aromatic pol ycarbonate resin
_derived from bi sphenol A and phosgene and having an intrinsic viscosity of
“about 49.3 m/g and a Vicat softening tenperature of 145[err] C was
conpacted and pelletized according to the procedure descri bed above in
Exanpl es 14 at a production rate of 200 kg/ hr using the V3-130C press
extrusi on nmachine (Universal MI1ling Technol ogy) equipped with a nold
havi ng 3mm di aneter by 25 mmlong 10 radial passages to formpellets. The
resin pellets so forned exited the press extrusion chine at a tenperature
~of about 160[err]C. The conpacted pellets exhibited}lidood integrity and
“showed no
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di scol oration, black specks or other evidence of thermal degradation. The
intrinsie viscosity of the polycarbonate resin pellets was about 49.3 m/

g. 15 " The press extrusion process of the present invention provides
a high yield of thernoplastic resin pellets at greatly reduced cost with
greatly reduced risk of thermal degradation. - 30- dains: 1. A

nmet hod for processing a thernoplastic resin conprising: conbining first
particles of a thernoplastic resin conprising one or nore rubber nodified
thernopl astic resins, polystyrene resinsgsgol ycarbonate resins, polyester
resins, polyphenylene ether resins and/or polyimde resins with an additive
sel ected fromthe group consisting of: antioxidants, stabilizers, U
absorbers, light stabilizers, net nggéi at,or s peroxiq cavengers,
basic co-stabilizers, sterically hinderef ‘gf neutgpdaliZers, fillers,
pl.astiaci z¢ pticalZbrighteners, blow ng
3 eof ; conpressing the
ghe first particles so
=y& es: .and dividing the
QB/ci % m 1, wherein the

reinforcing agents, Iubricaqkf‘
agents, flane retardant addi

that the particles partiall,
aggregate into second parti
first particles are in th@k' m of
the formof pellets. 3. “Wfhe _ne
t her nopl astic resin conprj ﬁ
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nmodi*fied thernoplastic resin. 4. The net ' : er e{ed g Re, -5 -
thernopl astic resin conprises an acryl oni trill (!ﬁ ﬁ ["E'mHHI rene (54 of |
a styrene-acrylonitrile resin. 5. The nMetfioG o Chal sn 1x wherein the  fa*
tenperature that is equal 'to or greater than the Vicat softening

tenperature of the thernoplastic resin. 6. The nethod of claim1,

wherein the conpressing is carried out by conpressing the first particles
agai nst a perforated nold and wherein thg.aggregate is extruded through the
perforations of the nold. -31- 7. The method of claim1, wherein the
conpr essi n§limscarri ed out using a press-extrusion apparatus, said

appar at us gonpri,Sjng. rota I ntyed: nolk d kjsing a cylindrical
wal | extending éf%“ﬁgmg??ﬁ??fésﬁg%érfﬂ" él%%cg%msfo |84g\'/val | having a
~cylindrical inneombinidgafirr phrtivieof & dustinopHsticosdin @oiprising lohe o nicrd irabbey
spaced apart from.the gyl.indrical, inner surfac d havipng one or mgre
radially o edl {thera g TENInS, PPIYYIEDE FPRS, s Fﬁj‘”gseP&!é‘?éFFrt‘ﬁﬂnﬁ:nner

and out er Zagllykﬁt?n?{me PR Sediy aﬁ%ﬁ?h%:gﬂ@%‘ %ﬁ%ﬁ}dgﬁ%l%iefzéa fcthSthe TBANS

for introd g thernopl astic resi ticles into , One or nore

cyl i ndri calgroupl kensisting hofni lantiesidanes!i stabilizersn JJV abserberst ilight subdizersdimetdl axi s

and havi ng ct] GV | I_cal er . angd: nein.each ..mll is

i ally a CEERBRT By (AHgES Uk eqStbighe TS Miadbedf s,
neutralizers, fillers, reinforcing agents, lubricants, plasticizers, optical brighteners, blowing
agents, flame retardant additives and mixtures thereof;

compressing the combination at a temperature effective to soften the first particles

[ 0]

so that the particles partially fuse to form an aggregate; and
dividing the aggregate into second particles.

2. The method of claim 1, wherein the first particles are in the form of a powder and

the second particles are in the form of pellets.

3. The method of claim 1, wherein the thermoplastic resin comprises a rubber
modified thermoplastic resin.

4. The method of claim 1, wherein the thermoplastic resin comprises an acrylonitrile-

butadiene-styrene resin or a styrene-acrylonitrile resin.

5. The method of claim 1, wherein the temperature that is equal to or greater than the

Vicat softening temperature of the thermoplastic resin.

6. The method of claim 1, wherein the compressing is carried out by compressing the
first particles against a perforated mold and wherein the aggregate is extruded through the

perforations of the mold.
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nol-d with the outer surface-of the mll in close prox

surface of cylindrical wall of the nold, and neans fOH“{“nullmlmﬂu ﬂm -
‘about its own axis, wherein the first partlcles are introduced" nfo the

nol d and corrpressed bet ween the outer surfgges of the mlls and the inner
surface of the wall of the nold and the aggregate is radially outwardly
extruded*fromthe nold through the one or nore passages.defjned in the nold
wal | . 8. The n#t hodThé¢ muthednof claishds éﬁi}srqlméle&ﬁﬁﬁ’ﬁﬁ‘ﬂ&“fcaﬂeaé’rm%ri ses

Cecond par t1 ol et PERGHR DL RN BE0 BBl eb 10y e method of
claim1. a rotatably mounted mold comprising a cylindrical wall extending
along a first longitudinal axis, said wall having a cylindrical inner surface,
having a cylindrical outer surface radially spaced apart from the cylindrical
inner surface and having one or more radially oriented passages or
perforations communicating between the inner and outer surfaces;
means for rotating the mold about the first axis,
means for introducing thermoplastic resin particles into the mold,
| one or more cylindrical mills, each mill extending along a respective
longitudinal axis and having a respective cylindrical outer surface and
wherein each mill is axially aligned with and rotatably mounted within the
mold with the outer surface of the mill in close proximity to the inner surface
-of cylindrical wall of the mold, and
means for rotating each mill about its own axis,
wherein the first particles are introduced into the mold and compressed
between the outer surfaces of the mills and the inner surface of the wall of the
mold and the aggregate is radially outwardly extruded from the mold
through the one or more passages defined in the mold wall.
8. The method of claim 7, wherein the apparatus further comprises
cutting means for contacting the aggregate to divide the aggregate into the
second particles. |

9.  Thermoplastic resin pellets made by the method of claim 1.
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