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13, a compréssion or transition zone 15 and a metering zone 17. Screw 1lis =
~housed in a hollow barrel 19 having a constant inner cyhndncal diameter anda
smooth inner surface. Polymer resin, Wthh may be in any form such as pellets,
. .- granules, flakes or powder is fed through an opening 21 in barrel 19 mto feedmg
20 -Zone 13 where screw 11 turns to pack and then push the polymer mto compression
. zone 15. The polymer is melted in compre_séion zone 15 and then conf/eyed to -
metering zone 17 where the molten ‘mat_erial is homogenizéd. -Afterwards, the
homogenized m’elf is extruded, injection molded or processed further. |
, Screw 11 includes a screw shaft 23 having a thread spirally positioned
. 25  about shaft 23 to form flights 25. Flights 25 are characterized By their depth,
L _ which is the height of flight 25 above shaft 23 and by their pitch, which is the
L ‘_ distance P-between two adjacent flights 25 plus one flight width. The outside
| diameter OD of screw 11 includes the dépth of a flight 25 above and rbel-ow,slhaﬂ '
23, whereas the root diametei' RD of screw 11 is the diameter of shaft 23 only, |
30 . without including the depth of flights 25. - ‘
U.S. Patent No. 3,486,192 discloses a mlxmg element for mcorporatlon
'.into an extrusion screw, which mixing element is shown in Figure 2. The
mixing element 30 is an elongated cylinder with a surface that is machined with
surface grooves 32 and 34 which are separated by raised lands 36. The input
'35 grooves 32 are open at the end of the mixing element facing the end of the
- element 30 from which polymer is fe_d/by the screw to the mi)ting element and
‘the input grooves 32 are closed at the opposité end of the mixing element. The
“output groovés 34 are open at the end of the mixing element facing the end of
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el enent.. 3/043798 006 . PCT/.USQ2/ MeNG
ELENENT/ SEC?'PW@HOK@EWT?( REPIREFHRTEAT %&%Bﬂ%&@fgﬁ{& GROUND OF
THE | NVENTI Ebiogdenifatioh Gupfhat ieesino ganedrain undue heating or degradation of the :
‘ polymer There is aise a need for a screw with a mixing element that generates
20  ahigh degree of polysmer mixing but does not constrain flow- of the polymer
" through the screw $0 as to make reductions i in screw rotation speeds and overall
~ polymer resin throughput rates necessary: What is needed therefore, isan
- apparatus that will produce a homogencous melt from muitiple polymcrs without
> causing substantial degradatlon of the polymer resm_s '

25
| | ' SUMMARY OF THE INVENTION
Embodiments of the present invention relates to an apparatus for mixing thermoplastlc
materials, and more particularly to screws for mixing multiple polymers which
- Screws can'be used in extruders and injection miolding machines.
0

- i In accordance with an aspect of the present invention, there is provided an

apparatus for extruding a polymer melt comprising:
a barrel having a holiow space therein with substantlally round cross section
and a long1tud1nal axis, said barrel hollow space havmg an inside surface,
35 a screw rotatably mounted in the barrel hollow space, said screw being
mounted coaxn,ally with the longltudma] axis of the barrel hollow space, said
screw ‘mounted for transmrttmg a polymer material through the barrel hollow |
. Space from an inlet end of the barrel hollow space to an outlet end-of the barrel




This invention relates to an apparatus for nixing thernopl ast¥® M eri al s,
and nore particularly to screws for mxing nultiple polyners, which screws
can 10 be used in extruders and injection nolding nachines. 2. Description
of the Related Art The use of screws to extrude, conpound, and injection
mol d polyner is well known. Turning to Figure 1, there is shown

a' conventign screw | for use 941 N £ rs. The:
screw i ncl %z@wtsﬁ?cé’ew%?nt@g - léé(géltﬁ%’ s%%reﬁﬂ%lﬁggs@eéﬁség@g%ﬁg? transition
zone 15 andhmadrgiimllyregtending atdundSbe svew haftso miedmamherahbfquow barrel 19°
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or powder, is fthascréw b%lghg arﬁoeyp@mwdzqnaﬂ ﬁreabatwe@n aﬁ@@ﬁtfgglﬂtééﬁﬂﬁg 20 zone
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The out si de screw 11 includes the depth of a flight 25
above and lb@lT@l/hoélha’fﬂp&CQSaldMémﬂem%C?’BB’FS‘Hgarret er RD of screw.11.is the

di aneter of shaft 23,QRlH.chatd WifabOsiteddisd sdiveahd fivewepithaatist 1 i ghts 25.
U. S. Patent No. 3, 486 192 -di SC|§%F§S a mxing elenent for incorporation

into an extrusi 6PAXIEVED  thacrel ing elenent is shown in Figure 2. The

m xi ng el ement” 30 i ss&a dﬁlrﬁ%ﬂ@ﬁ@d:uﬁfyibé st aplubaliay sfinpatgrobheton the nachi ned
with surface gr,oove ch are_se arat ds 36. The
i nput 35 groovednEys garpggg %Ceactxt‘?\?ﬁg‘gelﬂﬁ &Pt ‘l(illrrlég)éﬁg gnieﬁﬁ& #’gé(-:ll ng the
end of the el emipann@htthmmmbmtbfqhblnylmgei@ndm,ckah%nnphégl@w@w to the mxing
O e 0 ot ripiatpe SRR RaciEe e ePARCb Ah hiRnARAARLAS end of { he

m xi ng el enent. ooV re open at e end of the mixing :
el enent facing the elszflddi'urﬁ swdmcﬂhﬂefﬂwieﬂ@mll%gfﬂwmﬁowﬁs&ﬂ pol ymer is

discharged and ey il fighoMRRLE Sxcdfiin@ iifa ELRAAN Blalldiechiparht e end of the

m xi ng el enent. between the_input grooves 32
and the out put - gresveepergugs e eukst eng of th"'“%’@&reéﬁi%@tbﬁ% U he top of the

-l ands and the |§§doq,gs ﬁ,ﬂf,{naﬁﬁg Qéfo{rél%a&ﬂﬁgﬁle 18 erfdl OfhiBe Hixinp@leatenment 30
rotates with and I's_drlven t)[/) he turning. .of the s{ﬁ%lew sh t23 The

ft
rotati on of theS¥éPEAKtEIOE SEPHHEORNESICTIERS MitiGaf “farmﬂf’?lnﬁl" ooves 32 of
‘the mxing ele v@@sucﬁ‘ﬁ@eft s&ﬂ&nﬁ&@n@bu@hﬁgbﬁﬂ&&r@ﬁoﬁmIwﬂthhaach cl-earance
bet ween the | an 36 and.-t he Iﬂgﬁ surfﬁr@fe of1 t emt%a%rel 19 and out
t hrough t he outﬁ T gy Gnestiofyof the SUrle of I TIORE PIEMElh ected to. a high
sheer . lands extending between saxd input grooves and output grooves
that separate said input grooves from said output grooves, the lcngth of
each land being substantlally equal to the length of the contiguous portlon ‘
-of'the adjaccnt input and output grooves, each of said lands havmg atop
_ surface extendmg the length of the land that has a thickness between the .
input and output grooves of less than 2 mm, €ach said top surface of said
Jands extending toward but not touching the inside surface of the hollow
barrel, the clearance between each top surface of said lands and the inside -
surface of the barrel hollow space being less than 0.5 mm, .
 wherein there is'a Iand cross-sectional shear area corresponding to
each land that is equal to length of the land multiplied by the clearance




lo, stress as it is squeezed between the top of the |ands 36 M#F%%e inside
surface of the barrel 19. Additional screw m xing el ement configurations
are disclosed in U S Patent No. 6,136,246. . Wth mxing elenents |ike

t hat described above, it has been difficult to obtain a very high degree
of polymer m xing without at the same tinme generating 15. ' excessive
heating of the polynmer which frequently causes degradati on of the polyner.
Accordingly, there is a need for a mxing screw for use in extruders and
injection nolding nmachines that achieves a very high degree of m xing and

hompgeni zat i on_buty, &@@émﬂ@&ﬁ;ﬁ%@%&%@ﬁ&%@ﬂ@@&m&e@m@%ﬁeﬂmI on of

the polyner. There Is so'a_need.for. a screw, wWith a.mxing elenent that
generates ?A a: hi gl é’gfrpéﬁﬁ:GﬂdH&Syﬁﬁ?aﬂﬁfl)@ifﬂt‘flb‘tﬁaﬁwcﬁ?ﬁalé #°3  n fl ow of

the gol ymér thr Iolqaham Bﬁ%qm&meﬁﬁ:ﬂ@ eﬁ&h&tﬁsﬁgﬁﬁtﬁmaﬁ of 8qBLte¥8% of at i on
speeds and overa resin.thr u at 1s
needed, therefore, !¢ Eoﬁfroséﬁﬁﬁtf%hge?ﬁ%g’ %‘{}‘F &a zleégcfggﬁéﬁr%é%\ré\gous mel t
frommltiple poI ﬁhmughwhﬁdirpﬁlymmseagnmdste@mbmqltode@nagﬁtﬂmmltg‘ t he

pol yner resins. S OF THE | NVENTI ON .. Enbodi ments of the present
invention relates To an apparatus for m xing thernoplastic materials, and
- nmore particularly to screws for mxing nmultiple polynmers which screws can
be used in extruders and injection nolding machines. 30 In accordance with
an aspect of the present invention; there is provided an apparatus for
extruding a polynmer nmelt conprising: a barrel having a holl ow space therein
with substantially round cross section and a |longitudinal axis, said
barrel holl ow space having an inside surface, 35 a screw rotatably nounted
in the barrel hollow space, said screw being nounted coaxially with the

| ongi tudi nal axis of the barrel. hollow space, said screw nmounted for
transmtting a polynmer material through the barrel hollow space from an
inlet end of the barrel hollow space to an outlet end of the barrel 2 2 My
2006 hol | ow space when the screwis rotated, said screw having a screw
shaft with a thread spirally extending around the screw shaft so as to
forma plurality of flights, said screw having a zone through which nelted
pol yner is conveyed, the screw having a flow cross-sectional area between
adj acent flights of the screwthat is equal to the radial height that the
screw thread of the adjacent flights extends above the screw shaft
multiplied by the width between adjacent flights, said screw having a
portion within the zone through which nelted polyner is conveyed which
screw portion is without a screw thread and where the screw shaft fornms a
m xi ng el ement having an inlet end directed toward the inlet end of the
barrel holl ow space and an outlet end directed toward the outlet end of the

3a




barrel holl ow space, said nixing elenment conprising a drum sh¥pet%urface
extendin above the screw shaft that is coaxial with the screw shaft, said
drum shgg%'%l; WiPPace having a plurality of input grooves BnU/PHE-7Him shaped
surface extending in a generally axial direction with groove .openings at
the inlet end of the m x| el emen al d input _grooves termnating before
reaching the outlet e ] #DR&-‘-’HMm shaped surface
havi ng a pl ur al |ngme:ft@latsﬁnﬁwgwoﬁueenmnmtamecrewym shaped surface extending
in a generally a irec ve ope tlet end of

the nixi ng el emebiEtedhed i He Uy Pontety ErRiRie i BoesF e FLRL R ng 't he

inlet ernd ofcrevine m xing elenent, said plurality of output grooves

al temati ngwi th sg gtlrep}lé K 3de Me%fhﬁﬁ%ﬁe%&ﬁl’&éax?&% aEEb%mg% fhel NPUt and
out put grooves ar ontlguous W t er over a portPon of the
surface. of inentinkamdy el ement, |ands extendi ng between said i nput grooves
-and out put groovg; tﬂ@%&&@@é&m Bk of Yk tlsh@bn gai d -out put '
grooves, the eng?ﬁe —each andabel ng subsltxar%{q&ﬁﬁlysequal to the length
of the con_tf‘@% ‘portion of the adjacent input and output grooves,. each -
of sal did ands having a top surface extending the length of the Iand t hat
has a thickness between the ut Ut oves of |ess than 2 nun,
each said top surface of salDkz ﬁt‘tg@pﬁgge 9 war.d but not touching the
i nsi.de surface OFhet jresenoinvemtionhealates|to anhmglappamnemabeanmene@m top
surface of S [ w space -
bei ng | ess CHO%’%Q%ﬁHQV%RgOH%%XheP%P%é Hﬁ? %épﬁa?ﬁu%ﬁg@?%%%ﬁ@s hear area
corres pondl\M@h @ecreeebtrﬂ hawivg a taead spireHyipositianer ahgutthoscrew shaflasecrsul ti pl i ed ]
by the g e%%&%‘? Ngllfﬁ%% h%‘@@&%ﬁa@%u&@?or&k” fE@nRboddlg 'and and the-

i nside surface o arr space, and the su {I on of the |l and.
Cross- sect.@ﬁmreeweepneeﬁbe@etepegzam,aedlrttrtélqeﬁ%e%m M xi ng elenment is

9& _eatertt][lI hﬁtiinemPeleﬁmmxﬂé%ﬂfegbbenido%nﬁﬁ@ﬁnm menaalmerzﬂamegt vvteeln t he
adj.acen rﬂ"g S e m i C assesmgrewey

rior to erdP®F{TRY 19 FRIatRwg chp ’9“6124\/&92‘5 % gé‘?‘iﬂ@f@% _
IgCT 1 US02/ 3Zﬁ®ﬁh8%eﬁn@ﬁ&ﬁiﬁgﬁb Sie o TN BRANINGSni T gy without mdmcmgm de view
O e eC e SELRMiOR LIS o 4 SoifnBifothuaof & portion of a

convention ure 3 is.-a si-de view of a
mi xing el ement o*’nseeébcxew fhectommel{ fegding zenes refers to that zone of the screw

- where the material is mtroduced and has not been fully melted Where the

polymer is introduced in the fonn of polymer pellets the pellets are present in the
: feedmg zone 1n their unrnelted bulk form. ,
25 The term “compressmn zone’ refers to that z zone of the screw where the
‘material is being compressed and melted. n the case of polymer pellets for
example, the pellets are present in the compressmn zonein a mtxed state between
their bulk form and molten form. The walls of the hollow barrel w1thm which the
R screw rotates are heated n the compressmn zone to melt the polymer bemg mxxed
30 by the screw. ' _
The term “metermg zone’ refers to that zone of a screw where the matenal
has been fully melted and the molten polymer is homogemzed In the case of -
resin pellets, the pellets are present in a completely molten form. 'I‘he waIls of the
_ hollow barrel may be heated in the metermg zone to help mainitain the temperature
35 of the polymer melt.

' A flight of the screw is characterized by its depth which is defined as the
height of the flight above the screw shaft, by its width, and by its pitch, which is
defined as flight length (the distance between two adjacent turns of the flight on
the screw shaft) plus one flight width. Ifa ﬂlght has a p1tch of 25 mm, it means




“width, and'b |ts i tch, WhIC fined

i nventi.on; and Figure 4 is a cross-sectional view of the mi @Yy &%nent

shown in Figure 3. 10 DETAI LED DESCRI PTI ON The present ‘invention rel ates

, to a m xiWg pErat us that can be used in an injection necdiusgyssehi ne or
an extruder. The m xing apparatus. includes a screw with a screw shaft

havi ng a t hr &b vdenrthe sopews dsiotdteshrage. dho pelymiseingbe Bight kahtvedaxasly 15 to form

a plurality ok rﬁllnllglﬁﬁesscrél(,he screw has three zones: a feeding zone, a

conpre55| on zone aﬂﬁ \at;1 nmet ering. on ,and in use is nmounted in a holl ow
‘cylindrical barrellDSafioRFrassyeaionabyry kehvemadjacaetligyts phalsdrewlis wal | whi ch

al lows the sqifvo tie deptipdfahyhidila sphee bhmae@mebs@fervelhaﬁoz%aitmne'demi‘nt s

i ncor por a 0 e on he, screw enhance poI ymer m xi ng
- Wi t hout &udué‘i‘ﬁ@cefgt t@g?lacggo é/aémgoéﬂfuité@ egﬁ?y glge g’lgélé?}ﬁ?‘ﬁ Pch ol Beidthei ng
m xed. As uséW)lmétlmmtchtdaebtealnmlﬁﬂeébylltlmg’oﬂo\m ¢ foeftis to that zone of the

~screw where the material is introduced and has not been fully nelted.” ,
Where the pol ymer Ws (nes®dueced in the formof polynmer pellets, the pellets

are present in th@vhel‘-ee%ﬁ'lé‘ﬂxe%ﬂ @olfhetﬂlgllt k%ggmetaegct@wéeréq&d@ﬂaﬁ The term

"conpression _zone" refers to o} material is
bei ng corrpre%ﬂ“%ﬁlﬂhfﬁé?’f@d)ﬂherﬁcf% 3 sséheplt‘ilblﬂ%ﬁ@” ip 8¢l thickness of theexanpl e,
~the pellets aightpresent in the conpression zone in a mxed state between -
their bulk formand nolten form The walls of the hollow barrel wthin:

~which.the screw hDﬂlammr@ra@phﬁﬁkeﬂthlel’préshﬂ IBRAPO8SEE SR ARGuded afrel t the
- pol yrrer bein the screw. Jhe te " terln refers to -
“. that zone .of Hzgﬁlé)c x| e?%n?rﬁén ggoei%fa Scﬁeé‘éﬁ’o whifh {p H%qolecg&narﬂa the
‘npl ten pol ynmnwsemoﬁmgnm@@lemtm dpérenat asstriad the paeﬁga oﬁpd)lbm'esbut; fiehpel l et s
are present | th ol I'ow barr el
~ may be heat e%lﬁll@tnﬁﬁqﬁh'?%eg%%ﬁw #&r({%l }pr?r%kg%n?{ f B %rr?gerature - 35 of
the pol yker #abedimantof tbmnvomnqnﬁbe sériegelementialerstedrin fedngyring zondept h,
which is defsmgdsa@swt e nﬁlﬁlr@b:len%t kﬁﬁefélabghkcﬁ&?él%rh @gf eshaft, by its

d t he di st ance
" between two mf‘lﬁ‘Fﬂ%eebgft ?W&teFPgﬁPﬁ}e rlﬁe %‘-l'i%ws&"éwawﬁiﬁf € plus one
flight wdt hmxhifxg aleﬁalenghtaylbaﬂoéiteﬁlelsehrhaﬁ i7 thedtering FRRMAclddiMa)in 4206 WO

03/ 043798 PC}E/ é{%%%[ %trg‘ thlrdloeltth%m@gt%g%or{seﬁgg\évx&% rot%*}%téi ﬁncet Hﬁe poI yner.

in the fli
cross-se¥ti dnaﬁntwmeﬁie Sb@&lwa@ht beiprecwith a féeilpigtzonoinda samgressicn zomqlbat to the

| _dept h of tNenARBIHAL ZSRE HEEINERT 1o 3658 o 1R dha 2% e WrdpP&sloRS! A€ -
- Zone where the polymer has been melted. In another alternative embodiment of
~ the mventlon the screw can be made with a feedmg zone followed bya
compressmn zone that is in tum followed by a very short metering zone ofno .
25 more than one flight, with the mixing element located at the end of this very: short' co
‘ } . - ‘metermg zone. o ‘ o ”
_ A preferred em’ood1ment of the mixing element of the mlxmg apparatus of |
- _the present invention is shown in Figures 3 and 4. The mixing element 40 is an
elongated cylinder w1th surface machined or molded with surface grooves 42
', 30° and 44 that are separated by raised lands 46. The surface grooves 42 and 44 -
preferably have a curved cross sectlon such as a rounded cross section or the
- parabolic groove ¢ross sections shown in Flgure 4. ‘The input grooves 42 are
copen at the end of the mixing element facing the end of the element 40 from
which polymer is fed by the screw to. the mixing element and the mput grooves.
35 42 are closed at the ‘opposite end of the mixing element. The output grooves 44
o are open at the end of the m1x1ng_element facing the end of the element 40
toward which polymer is discharged and the output grooves 44 are closed at the
* opposite end of the mixing element. The lands 46 form a barrier between the

Lh




5 surface of the hol tow barrel 19 rultiplied by the width of“f‘%%ﬁtch The -

Wdth W of the pitch can be calculated by the follow (Tq‘

WEP( cosWP-B/MHifere "0" is the angle of the f1ight versusP ﬁ'és"a?-r"’éfétlon
perpendicular to the | ongi t udi nal axes e sc is the pitch, and’
"e" is the PRMCHARYES 4% andHbe oyput %foavﬁs ﬂ@f?d%a fa‘b“ﬁaheé‘i’%' B¢ the

pr esen]'E | nvigptof (ﬂﬁehlah@alﬁbme%s:dmdwﬂeﬁoﬁme Haemsw OfMbe myMndeg ofltenent in the
zone of a screw thr te e xi ng

el enent dodQUiiH elPE’?f‘?foée\ﬁhst Wgh 83% £a %é‘%glf%r%rewgbw é“‘trg‘? ﬁgﬂg%?:e time,

i nduces a VEhg/rdutiym afabe saewffope$ ywien polyiomeg intbrihainpnegmwoeyvesdi21® enbodi ment
of the inve P=Ts) g zone of the
screw The e anieafeil (07 gfyF I drine PEAL 86 drdubheTRAFIEDT 2000

conpr essi orbetwesn e dops aftthe tnadedd agd ﬂ'tﬁ}riéﬂé‘f? of the bacteb P ang 9‘§rthéﬁulgbel y, t he

m xi ng el eniﬁsfomrpﬁ!isgrdb%é ggated el sewhere in the netering zone, includi ng in
‘the nobst do mthird of the neterjng zone..In an-alternative

enbodi nent of t hféCCOZ@mBrWéﬂtalt@'rfiat“ferféméqq"’é‘ t-RIghe inyentinte W 8TROYES eedi ng zone
and a conpragghRl diPihe skihce (ﬂﬁhéfﬁﬁﬁhg @E:nfdﬁﬂﬁ]ay\lbetalﬂraﬁgéﬁ aianginglesspent | ocat ed

t th d of- th has, b lted. |
anot her 01 B AR RSB HCXIGE SpRA. FERCPRN: o RPol EaRPBe e
with a feedirogvezpbatpitpioovestandytha landsipepesdingrihe mpet gloaves fsomrthft urn followed -
by a very ﬁg@uﬁ]{rl}t TEos ﬁ&péﬁ%ﬁﬁ@?@?ﬁ% &rfﬁ@%ﬁ%%fxrﬂ@ﬁ&meﬂv th the '

- mxing-ele cate ver tering zone. A
- preferred eoituoddingte anstherrmlternaive gmbpdiment OBmetlh‘éennmﬂ the vigBfdb&is of the

. -present 'nvﬁ?ﬁt nggﬁove% @r&%e'rﬁadé'\ﬁiﬁéret%m%rcﬁﬂﬂmdopeﬁféﬁdmﬁﬂ fbroeznent 40 is an-
- el ongated c er. with surface nmachi ned or Ide%FI w th surface grooves 42

30 and ¥4 t‘ﬁﬁ(ﬁfdaﬁhélf§é‘i‘§§¢§f“é% apg the QUi SroaNgs 4 6:an % f ace grooves 42 and
44 - pref er alimpléaMitary sudk VIR iy ase alse lidearmowstitiicizopen ealsneidd cross secti on

or the ar abol t F t '

o ooves 5 aroveg SRR RSRLATE VRIS ARIBHD 40w sl BEL B o (e
el ement 40 Juifopmn widitc lopg theielengts. fed by the screw to the mixing el ement
and the input 9r1§3 §rsnn?i% 4 aa%ﬁseoﬁhgﬁﬁgn El{khcré’a?&lg%%ﬁvesﬁlﬁre% d&ye mxing..

el ement. The out are en a ng el enment

" facing he tbathnd$ 46Iaodé1cem§nor&ﬁ€facq ¢ Holww brrrgl di%yigrdess than Qi5¢BHar ged  and

t he out put .gr (P onehRf Thideow Xi ng B
el enent . Thag’dq’%g?“%éra?@%mféggﬁﬁgp ?e?ﬁibgm g eﬁ@‘fﬂﬁg‘% 2006 VIO 03/ 043798

PCT/ US02/ 3 7ds@ieeiof slearagee genseatesa Tighy degiee Eﬁ‘"é‘i’%&ﬂgéﬁl Bit%Sthere is a
cl earance lwemeenaﬁdse;é tIQ:Eslﬁ%hhﬁb@rﬁtﬁdd?haﬁtdahdlmxmsalldﬁmsbﬁﬁm of the

b [ L Al i her ey o reded! BT 1OLAL B2 Ml g 'S driven
25 hollow barrel. In order to prevent overheating, and possible polymer degradatron
' :the thickness of the lands 46 is maintained at léss than 2 mm, and more preferably o
less than 1.4 mm, and even more preferably less than 1 mm." This narrow.

" Clearance and very thin land width ‘makes it possrble to induce a very hlgh degree

' of shear in the polymer for a very short period of time. The short duration of the
30 high shear state prevents ‘the polymer from overheatmg which could otherw1se

' cause degradatlon of the ‘polymers being mixed. . '

“* Preferably, the input grooves 42 and the output grooves 44 are more than
three times as deep as the clearance between the lands 46 and the barrel 19. Itis
further preferred that the input grooves 42 and the output grooves 44 be at least

35 four times wider than the thickness of the lands 46. The input grooves 42 and the _
' Gutput g:rooves 44 generally have a depth of from 1 to 6'mm and a width of from 4
to 15 mm, depending on the size of the screw. For example, in the screw
‘ _'JdISCIOSCd in Example 1, input grooves 42 and output grooves 44 each had a depth




- The rotation of the screw forces nolten polymer into the i nA¥axA%bves 42

of 5 the mX| ng el enent 40, over the top of the | ands 46 through the
cl ear anceV O ESh the tops of the |ands 46 and the insi decofushiersbar r el

" 19. and out t rou h the outp %Jt grooves .44. According to an alternative

- enbodi ment of0 i Wiith o

hemgn. gt iedhe ton@f paghdendfacinpehesharfeac® of t he

i xing el eneiad aadickeesabf ATged aal ﬂ?efbléd&‘ﬂic@bfe@veeﬂ-glett of Ak Md09Blngx! S of

the m xi ng eIﬁnentgﬁagg%égg)gﬁézé%ylFvggbzsxanp e, the I'nput grooves, output

grooves and t Pt grooves fromthe output gr ooves
can helically w afhar dwadaneh’éoﬁunﬁﬁﬁgelafnehﬂ]edaﬁiﬁﬁdw {8 @ERARMce beAReR" di ng to

anot her akt ey € f n of the 'input
grooves 45 cém%%dls %gmqg% fo%é]roégk?l? é’ﬁ% ﬁtiglﬁﬁngyat\#a?@g]?mg Li'5 t oward
their cl osediehgyre ﬁﬁﬂultlnbcfbbﬁtmtngcmhvoamh& Qfampthngroméee Acordihgrent ary

h that th t d
Chei c?osed@?n%éﬁ“&‘%?‘ﬁg”?‘%?m SR g RSP T Bl o0 1 orm

~ width along fifamorsted i the;serepmis Waﬁfﬂgﬁﬂa?@ﬁﬂlﬂﬁiﬁm%%fofﬂt@ommm-l on, the

, 'ﬁ hlhghhdegr eéleafazsineﬁezf[chmmhg qlmhqnm%raaeﬂﬁ:arpﬁsﬁagl toMeeflow bRsk-ands t4ﬁ This
i gh shear. q ortions o mer. as the -
~polynmer .is S%ﬁ&éﬂég%&e&%ﬁ%ﬁﬁ&(ﬁgﬁg lgﬂ@ of i Yy é“ﬁ‘?“éﬁl"@ﬁolblf OlYMEr 25 hol | ow

cl earance betawtienaltabe BebPserahe a@Qcélhﬁléhﬁmé&rWﬁmo% v%r}m:l?% lg{n cpurface of
era |

t he hollo barrel | ess tha . and nore

0.3 nm but B?S(ﬁ?;ﬁtlgfmedﬂﬁﬁlﬁ iop i ?Pﬁ?““ﬁfﬁ%rq‘@ﬂg clgagne Mere nrelsebbih e gener at es

barrel . |n oPasegs imgnghiately priovtpesnitering themixinglelpmsst blceommgmhc ﬂﬁgr adat i on,

 the thicknes ef&reﬁ Qﬁlbk)ﬁﬁ'l%t ﬂpﬂfeqn\%}h% %@ﬁ’l‘éaxar:{rez# S“fse%BlIIl H%P%%s R&Q Efd mor &

mnm This

preferably e and even nore preéerera
. narrow eatPalﬁg & %ﬁg é@Wf‘?ﬁﬁrsﬁCﬂO&'ﬁhafW @Rwe%ﬂhégdjacerpﬂ@ltmféht s:re\nduce a

‘The short dugation.of th
~ overheati ng%v%Prgﬁld&%?HmHPﬁgme Witd 23 @Ia@@%ﬁﬁ‘@ﬁt&’@fal%‘l #dPgrers being

very high deircegh uﬂﬁcfﬁﬁtﬂﬁheﬂ;ﬁhsﬁd@%nﬂ%%’f@i?ﬁ&*to%nt\éﬁﬁ%tS t{]ﬁngpe?%&;é}ﬂ of tinme.

ate preve e polyner from

ni xed. Pref egredsénythan the flovpubsyscotimes akd, thachiting eRuleptdocd hOPMRSHAA are nore
t han three I‘éﬁa?”'{%?&ﬁiﬁgﬁpﬂﬁaﬁeh&ﬁéﬁ%@nce between the lands 46 and the

barrel . dat the input grooves 42 and the

“out put g%oooves 44t bgs @Fnlf@alﬁtfhgfshffmmngamnmqfehemhermomheeﬂfdmmrlgness of the

lands 46. TRehdnRels g@@@y&swﬂg e voih trR:‘Ho yally have a -
- depth of from InIo GCr vmadt hv{))f ﬁlc Hﬂ)tresgiro gé{tﬁ? 64'8%%&?

si ze of the T8 BFN ef‘—‘B?eS%‘R’é qh,gamoHnttth@t t@%?“éw C@ms@s%eclsquse@mnpl e 1, input

~ -grooves 42 golynowtresii dgimopescséibgeTwa vﬁl@ﬂieﬁrl&%ﬁiﬁ?es@m%&@ﬁ% \V@*ﬂgg p43798

_the top %1 meﬂ@mtlaﬁoﬁhdscrexhem pactie, fuséees heding Eleoﬁwultpitcﬂ\@ﬁe 0. 25 m

PCT/ US02/ 37%9‘71ﬂ each | and

facing the. barre@itféthe}fgﬁe%l ClHF Eﬁ?ﬂég{lIOdel‘G&"}{Tl?TQfﬁhSﬁ{al f@ié&ﬁdﬁ@@ bet ween

~compression ratio can be calculated by the follomng s:mphﬁed equation:

- Compression i‘atio = de th of flight in feedin 20113

(depth of ﬂlght in metermg zonc)

| ~ ‘High compressmn SCIews generally used for crystalhne Or semi- crystallme
30 polymer matenals havea compressmn ratio of greater than about 2.5. Standard
| compressnon screws which are generally used in processmg amorphous materials
have: compressmn ratios of from about 1.8 to 2.5. Screws w1th a compresswn .
ratio of less than 1.8 are consuiered to have a low compression ratio. =~

i Alow volumetric compression screw can be designed accordmg to the
3 prmc1pals of PCT Patent Publication No. WO 9/56937 and custonnzed for the

| polymer resm bemg mJected molded In such SCrews, the mass ﬂow of polymer

S |l ess than

end’ng on the .




The "shear area"” of a mixing element is defined as the cleardfRy@0¥et wveen 5
the l'andwdbs/apthsi nsi de of the hollow barrel 19 multipli qghysobBAges and
length ("L" in Figure 3) nultiplied by two tines the nunber of input

grooves. Accmsmlmgazmedtalmgnhereagmwwﬁ@@w SRR thadthekd ol Q¥QRItI on, the shear
area of each_mni xi £ inc% rated into the screwis greater than
or equal to B58%GY &’ﬂ%gopgg?ﬁsﬁ%"sg’l ﬁ@fﬁsﬁﬁﬁl’e ea between the adj acent
flights of the scTlemilingpagiarads aftthpabyition cidbpassias nh:ﬂm&dﬂafa@gyopri or to
ent eri ng th &@%&g@g&%{»ﬁd&‘{f?&e‘% %Sﬁ‘?feﬁﬁ’veysﬁrew&lg%% Galy ALga of each

m xi ng el emeh s gre an_or equa &H58d0 e tional area
bet ween the adiudingnnadhinegiitis apfnjedtien stiding nﬁcbugmdwseh ngecttyoné)ﬂow passes

i medi at el y BbidHe thchest erde\Grew ieas Bt f(‘)gn@{oe(?'élpemﬁ %&ualh nost

preferred enbodi msnt of , the invention, the shea eac is from

100% 15 to 136opiseianTaokingblendsof mudtitle polymessy éﬁéh%%ﬂm@wntlwehaé eale:ent

flights of tlﬂlestﬁa‘td’de\Wth h@é@wqﬁvmglogas@@wmbnmsﬁﬁge]eméﬁm&tsed)pecﬂfI or to
enterlngthe m _Xin a m xi ng el ement th a shear

orea that i ShE BT gy s R heViEg wih G oot e emens
Cr oss- selft i aasalescaibedabdvecomandppgraails dneing hao esmomt suchB&twai Whiltliee pol ymer

hroughput rial g gh nLOG 9 WWaicd0y e SARPSSLI AL AN 406 X1 O

appar at us of I Avent ectirve  when with a | ow
vol umetri c c6ppsrad ke prigsendinventionGoalpdesssiconw having moresthamomdﬂjgbisy on of the

amount that the %@%éﬁﬂmseﬁﬁﬁalﬂﬁsu%&%g%ﬁéfoﬁowm% Ut 156%@ during

processi ng. The volunetric conpression ratjo is of a flight of
the screw i r‘FX?IH%le$ dsdosdlustraive prinosrsPrbyandige WI‘BWBd‘%ﬁtOe\lmth@ inthe 25

net er i NgisseGhveAtoR MbdidcRmeN detall nifyaRirh &R wiftfut 8672811y G iHGcapeconst ant
pi teh, the resﬂgl on rati 0 can be cal culated by the followng sinplified

equat i on: U8R atio = (depth of flight in feeding zone) (depth of
flight in rreterl ng zone) Hi gh conpression screws generally used for
crystalline or sem-crystalline 30 polynmer materials have a conpression

ratio of greater than about 2.5. Sgﬂ%f,ﬂpgorrpresm on screws, which are

generally used in processing anorp rials - have conpression ratios

of fromabout 1.8 to )@LIT@EEQV@NWGMWE%MI@‘E' o of less than 1.8

~are considered to have a | ow conpression ratio ow vol unetric

conpr essghon screyy Eﬁtﬂnﬂe IdQ%cwgbcaﬁﬁﬁgQﬂtﬂalﬁven&&?waéﬁmaé bl s of PCT
Pat ent .Public t| Qn WO 9/ 5 937@% cust om zed olymer resin

being inj-ect 1‘18%‘69“ ipaldsy, pelyace TmPplasticesing FB‘?\P‘E}WC;‘}@F Y W8 May 2006
WD 03/ 0- 43798rola€érddumaﬂ;8?e%aﬁlgrzeﬁ¢ i the fordl dgedlalpends hiving @ﬂgid&te@f t he
o casur o pedkBom e oot At o Bhee B TR Sk F i S0 BanpdBetlla o mix o
wi de range. ofsin uippoede wﬂdalpmllt yitery welghttaddestherfhal stabileetsiand screw may be
us eg'm' 58N RfkdliicioBths e Prlfink Boff of 1424 (180 SRisdhaBoBEhie, SUCh as
melt flow rate of 15 g/10 min by standard techniques (ISO 1133) at a
temperature of 190°C with a 2.16 Kg weight, and which is available from E. L.
du Pont de Nemours and Company (DuPont) of Wilmington, Delaware, U.S.A.
_ The screw of Example 1 had a feeding zone, a compression zone, and a
30 metering zone, and it had a low volumetric compression ratio as disclosed in PCT
" Publication WO 99/56937. The screw incorporated one mixing element as
described above with regard to Figures 3 and 4. The mixing element was located
at the beginning of the metering zone where the compression zone meets the
metering zone. The screw was made entirely of nitriding steel w1th a hardness of
35 83 HRA and the dimensions set forth below.
_ In Comparative Example 2, a screw was made like the screw of
Examplc 1, except that it did not include a mixing element, and this screw was




mol di ng machi ne. The screw has been found to be especial ly /s¥MA0§ or
~extruding and injection nolding blends of multiple polyners. Wile the

i nventi oVAAYFet i|lustrated with a screw having one sECENSHRAN3GNe

m xi ng el ement, the scope of the present invention includes a screw havi ng
two or nore #edipdnigstiandgoldthemamepalircstal thegnenlastig T%bﬂfewaw%ém appar at us
havi ng two oixaRLR such screws. VWiile the invention has been illustrated
in the context o screw hav one fli t he co of the present

i nvention incl udeﬁ%s%‘ﬁt‘@%s t)l%g‘@mr?ﬁer ﬁgﬁn%@“ﬁ ’b’i‘t{)l’.e%lli'éd Mvention is
further il ussiicatiggdyensivasf ol | ow ng exanpl es. The exanples are for
. iIIustrat%ve purposes only and are not intended to limt the 15 invention.
~Modi fication of detail may be nmade w t hout. departing fromthe scope of the
i nvention. EXAMPLES EXAMPLE | AND COMPARABxXeEpEXAMPLE ?m,E@falt‘HeExarrpl el a
screw according to the inventi on was nade and was usEd._nQQEn] ection rml d a

pol yacet al ther nopl @&ty @idn@sitn. The pol yag@trﬁln resin w@gmi Ntroduced into

t he ‘feedi-ng zone in_the faqrm of granu& l ets havipng_a diameter of -from
about 2 to.4 mm Thg(’rBBW%%%‘éfaé‘P( oy was lrin(r) SSgSP, a pol yacet al '
resin conpounded with about 1% by weight added thermal- stabilizers and 25
I'ubricating agent S,Mh%v.inn% a melting point of 177C (1SO 3146 nmethod C2) and
a nelt flowrate o 50828 i n by standard techniques (I1SO 1133) at a
tenperature of . 1900Ehgthm012 16 Kg wei ght 42and whi ch #3mawail able fromE

1. ‘du Pont .de NermLm%hﬂﬁgptgorrpany (DJPontz)mgjn W1 m ngkqhm, Del avare, U.S. A
‘The screw of Exanpl e feeding zone, ‘a cogpression zope, and a 30

- netering zone, and HIO‘HQEPSQ'SF%WHQM{?H‘EtrI c? @d’ﬁ’ﬁr essi o-P&Po as di scl osed
,| n PCT Publ i cati on V\D 99/ 56937. The screw i ncorporated one nixing el enent:
“described abov ard to Figures 3 and 4. The m xing el ement was
I‘ ocat’ed at the begt'I nfhe nmet-eri ng zone wher e t he conpr essi on zone |
meets the netering l\hmﬂ&ro'fbemkscrew was nde entirely of nitriding steel

w th a hardness of %2"“1&% éﬁfgalnd the di rregﬁi- ns set forth below In
cr i

Conmpar-ati ve Exanpl e was nmade | he screw of Exanple 1, _
except that it did dend width(aidon) ni xi ng elddm , and this screwwas 8 2 My

2006 WO 03/ 043798 P@iéé#%(%ﬁqususﬁﬁlrei)o lo@js%l on nol.d the sanme pol yacetal .
thernoplastic resin_as was used le 1. ,The screws used in Exanple 1

and Corrpar ative Exaﬁliﬂtfﬂ Sileﬁaﬂreﬁhe foI I ovvﬂt;\(t}]méﬁ'l mensions: 5

Shear Area/Metermg Area (%) 104% -

I In both Example 1 and Comparattve Exam;)ie 2 the- screw was used in an
inj ectlon molding machine havmg a 150 ton clampmg force and equipped with a
- 30.mm diameter barrel. The barrel was connected toa two cavity mold tool’
10 having a volume of about 40 cm A moldmg cycle tlrne of about 1 mmute was
~ wsed. During each cycle the scréw was turned for about 4 seconds at a rate of
- 190 mpmto move molten polymer into an accumulator port:on of the ba.rrel
"~ located between the end of the screw and the mold cavity. The screw was then
" advanced over a 6.7 ¢m stroke 5o as to inject the accumu]ated palymer into the
15 mold cavity. The polymer was allowed to crystalhze in the mold cavity for about
" 55 seconds before the molded article was removed from the mold cavity and the
cycle was repeated. The total screw output was 55 kg/hr. The barrel temperatofe
. was set at 200°C in the feeding zone, 210°C in the compression zone, and 215°C
' inthe metering zone and accumulator section. The temperature of the mold was
20 setat 9‘(')°C.‘ In Example 1, the temperature of the polymer coming out of the
‘screw was less than 2° C greater than the barrel temperature, which demonstrates




Exanpl e | Conparative Exanple 2 Screw di ameter 30 nm 30 mn2@%ﬁ9p%ssi on
ratio (volune) 1.55 1.55 Metering Zone Flight Pitch FI| ht Depth Fl ow
cross- sS¥Q PUHEI"8 Area M xing El enent  Nunber of Lands 'VeRGIH7(L) Land
width (at top Cl.earance (Il and, tops bar. t al hear Area 42 nm 42 )
Cnmin 2.6 mmik 22 e FHxIng Preses pruges leﬂﬁﬁfédltlﬂn%lwﬂ“&g 1\19? Yoeriaelesyisar ati ve
Exanpl e 2, mbegtsa:f;@;wngva&meﬁedasmsearinmmﬁplellon m)l dl ng machi ne having a 150
ton clanping for a 30. arrel. .The barrel
was ' connect ed toﬁggg %F@fn%%sl Wtfﬁ"l”lglp 9 m&ﬁg‘glﬂﬁ%%‘? A¥ut 40 cnB.
A nol di ng cyoldgodl are ratk ofibbartt ofie morhahngometlonmdnnmr Thgtasibhbarycl e, the
screw 't Saft aove ol ten
Was &Eﬁ%g?ggéé aacP nrg4t0 ?%Q r@ha 14t lgn%ft ol‘?ocapmérl Ee

pol ymer into a ion’ o tween the end -
of the scr ewseuqedmhelth@tem wlonené cew@w%é nup dpick.aBVERE 88Fbover a 6.7
cm st 1 0ke Sgoffing GhekdHoRCteiRiBREHAAL BSlRMOTRméth G bifEreMopld cavity.

The pol yner to crystallize in aV| for about 55 _
seconds bef@déhnlﬁh%g%lcﬁe’d‘ %Wfﬁlyéhlﬁﬁ%o‘l‘é‘r%%dn?qfﬁ Hi’é’ rtthevity and the
cycle was r@pRidao@ly. The total screw output was 55 kg/hr. The barrel

' _terrperature was,.set 200C th e zone e corrpressmn
“zone, affd 215Cc 190 R erl’éfserf‘f’iﬁl d 3 eeaglh%cr%@gﬁmagl‘%lﬁssgl: T The

t enper at ur etendilettétingubcbrding t&@ IBCS 627-at ThO @echdnicatpmppites of theh@tede nperature
of ‘the poly of the screw was Iess than 2 C greater than the
barr el terrpb(regrr%%t‘fvgrr%egsrt}glo denpnstrates 2 May 2006 WD 03/0. 13798 .
PCT/ US02/ 37307 that the m xing process caused | ittl e additional heating of

the polymer nelt even though a m xing eggippk (was UemparativeExanple 1. .~
Dog- bone-shaped tensile test bars were inj EC%IOI’I noExiedbled the two cavity: -

“'nmold tool at ar one rmldlng ratlon nute. The tensile
~bars 5 were 'prepgtrﬁgﬁlpa%tﬁe&ggl YT SO 29 had @e% l ength of 16.6 cm

with a Modulus — average : _ .33 GPa
Elongation at Break — minimum 40 % L 22%
Elongation at Break —maximum 71% - 62%
Elongation at Break — average . 58.0% __48.7 %
15 The consistency of the result"forl the elongation at break is good indicator

- of the homogeneity of the polymer melt that was used to make the bar. It can be
“seen that the minimum elongat10n was 18 % greater for the bars made with the
screw of the mvent]on than for the ba.rs ‘made with the screw of Comparative
Example 2. Tt can be seen that the 1ncreased c0n31stency obtained with the screw
20 -' ~of the 1nvent10n was not aclueved at a cost of degradatlon of the polymer WlllCh
| : would have reduced the tensﬂe sl:rength of the test bars : :

EXAMPLES 3 4 AND COMPARATIVE EXAMPLE 5

In Example 3 and 4, a screw Wlth a rmxmg element as descnbed above in
25 Example 1, was used in the injection molding machme of Example 1to m]ectlon
. mold polyacetal therrnoplasttc resin compositions of the same formulatzon but
that were introduced into. the feeding section of the screw in different forms In
Example 3, the components of the composition were pre—compounded in a _
. separate compoundmg operatlon prior to injection moldmg In Example 4, the
30 components of the composition were introduced dtrectly to the inj jection moldmg
screw. without a pnor pre- eompoundmg operation. In Comparatwe Example 3,

10




‘restricted portion that was 8 cmlong, 1 cmwi de -and 4 nm t 4 ¥& 2008y ng
each nolding operation, the turning screw first dosed the polyner nelt

bef ore st\b@p?o/wg?&nd thrusting 6.7 cmin an axially direct PORUS/GBIHer to
force the pol in the nold cavity. 10 Ten tensile bars nolded with each
'screw were r mcsrozs@pkhn@mad@ne ugednis Examples 3 iandy4 aves osell tognjectidnSO 527- 1.

The nechani C% 1@ BRI R S oRtipoh B kS h anpl e
| Conpar at | ve onanpl e Zleer?mpoe Strreangxanﬁg%irﬁggg%&&“;g%d% ﬂ&ﬁ;ul us -

aver age . 3. 1S@EYPIEomparatve g amptnd did pot ingiude m@gml%ﬂEl ongation at

Break - maxi munv18x8mbe angdtdonpaedt vBIERatpte 9%@9@%&&&%&%% 15 The
consi stengy of . t he [£Sy t, for he el %%tlog at bas s- good indicator of

the honog@nePPiyopymst Tﬁ)]ilw Hefn MRl B8 HHE8Dar. 1t can
be -seen thatllameeermf fi2Funmednd gt $san dmblit&n%fgrmmlﬂlzefseangdi@ﬁbmrs made

wth the i nye i t t screwof
Conpar at i ve b%\?r&% th B§O nFPtA cqgln %1 SE‘l gglzgf{{lgt]n?%(%%% g%g%lél\é%nc(?ﬁgﬁgf ency.
obt ai ned wit Ifi’ltlh‘ée@éméw pithdhe polpadetal migrotmadwias ppenwitheveldtizg a cost of

degradati on ﬂﬁxﬁlgelaaewmaﬂmmlm%éc ngﬁseaeql%&ﬂl Qd&eﬁ'?ﬁéﬂnﬁl strength
of the test bahflaer 3 4; AND COVPARATI VE EXAMPL n-Exanpl e 3 ‘and

4, a scréfv wi 0Sas descri bed above i n 25 Exanpl e 1, was
used in the injeck Exmmp}b GJ ﬂhg tﬁ@@bpl@ﬁxo&ésnﬁ&@d@pb& Ibelhﬁ@lsuoqcpdl etalold

pol yacet al therrmg StIC co&p itions of t for fntlon pbut

t hat were .i nf¥Buféd OXW ﬁ’éelfl Ggpgnfg@&-f:gﬂpc&p @” di fferent

- forns. |n- Ewamght &lddd thenaakoatgbrernarsl lobridabieg agen) ahd whn:hwea@mable- conpounded
-in a separa e ' Ln Example
.4, the 30 co?rrgoﬁée)nts %hr&%e coguﬁéﬁﬁﬁﬁ#a&gﬁb&éﬁigﬁﬁ%@pnﬁr ec{]%”af’o t he

" injecti o’ moldi-Ag Th@dxrewomppmﬂ@ﬂ resipWaspin the @rmaﬁmmhrmgﬂdpémng an. In

Conpar ati ve- %@Q& 8f éomla%o& Mays 200 GndPnah AR Z%%d’ﬂa’f{ﬁ@?é agedyisghe

was_ used to I nj ection

i njection noldin npl es =
o St b etsnd (B bharat T isie 6 LRI oy Erbn ot toon wme T he
screw of Conpes3aki a/enﬁmmbefz,gowma dite Kg)welgnplﬂﬁqgracmnpbmlneg @fmsnt In

pot oyt niPEEOR RSN AFRE Frry bBE i f S Bt e 3 Ress: age
di amet er 20f €ng@6 swrﬁwmutimergpatmdera fhel psl@cxylmu&th;denedionmoﬂymérethemmés rangi ng
fr om stab:hzers and Iubricating agents present in the composition of Example 3 were
| the same as those used in Example 4 and Comparative Example 5, and these -
comporents were present in the same proportibns in the pre-compounded
-composition of Example 3 as was used in Example 4 and Comparative
25 Example 5. L | :
" In Examples 3,4, and Comparatlve Example 5.the resins were mjectlcm
‘ molded with an injection moldmg machme having a 150 ton clamping force and-
~ ‘equipped with'a 30 mm diameter barrel. The barrel was connected to a two cavity
-mold tool having a volume of 40 cm’. A molding cycle time of about 1 mi_nute' -
30 was used. Dﬁxing each cycle, the screw was turned for about 4 seconds at a rate of
190 rpm to move molten polymer into an aceumulator portion of the barrel
located between the end of the screw and the mold cavity. The screw was then
advanced over a 6.7 cm stroke so as to inject the;accumula_ted polymer into the
mold cavity. The__'polymer was allowed to crystallize in the mold cavity for about =~
35 - 55 seconds before the molded article was removed from the mold cavity and the
--cycle was repeated. The total screw output in Examples 3,4,and Comparatlve '
Example 5 was 55 kg/hr
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0.06 nmto 0.50 mm Thermal stabilizer, and lubricating agen?¥a 3% ne
powder formwere m xed wth the pol yacetal m crobeads in_a hopgwr wth a
rotati nO *%H5%IRy bl ade to forman overall nixture conpri'SddU¥F3adut 1%

added t her nal abi | ubricatin nts n Example 3, the
t her nopl astic r Sélséi‘ éﬁfzﬁésan%gﬂ’mﬂﬁfar“)"e%@fmglepg eil fempegadyrg wag

pol yoxymet hyet erp0bo i el fyeding porR; Em‘i‘ﬁoulﬁdsembmprtémcmtmué andRby°C wei ght added.

a0 pont e TR A RSO e PR bR el e, 157

U.S. A Thi satﬁf)%c cbnpehesadplectie mmmatum of tiee palymrendongngout dithgel | et s havi ng

(150 5146 SEruae iRy & abydt G ‘v%@?%?’éltt%‘?ﬁ%eﬁ“g?d“ﬂ“&ﬂ% B ard

. techni ques tbatsb: mmag)nr@psswav@qéﬁéﬂwmd@orm hq_aém@qfn qveéymerwlk@/eﬂeu ght. The

pr €- conpounghiignOniking eﬁérﬁéel@wa;@gealﬁtmmhyiegscaﬁaung agents was done in a
conventi onal manner u5| si ngl e screw EA nﬁ{? ﬁﬁuder The

pol yoxymet hyl end?® rl’sﬁﬁ%‘ite“? s‘Y%{EF‘}J?‘E‘ wolded 1 thstve s2YiH | agents

pr eselnt in rhgllﬂ é%dlmpﬁfifat& o0 Bbcit OEfXﬁlﬁhil@ @Jdmf(ﬁ per hgmgtan®hasensiledses used in
Exanpl e, 4 an arativ n ts re present in-
- the. san¥ pr%?JSPf‘ingWS aic%orﬁwgﬁggé29%&83#8%&Q§151§%@gﬁ?$§%% ltlgarrpl e 3 as was

used i n Exaegtieted paridnChatyeasad iov ng5l Enavgt end4 mm tiiglanpl es 3, 4, and

Conpar ati ve aa”l%'r;%émlébﬁf‘s'r&@ﬁb&‘%tﬂ%ﬁ& écpév? ek¥nadthtydeleen i an. | nj ect’on

--mol di ng nmachi ne havin orce equi pped with a 30 mm
- di aneter bdprsdE fcsmhﬁamﬁlégt(?/\b%) hhe %ﬁleﬁwaﬂmpéﬁ\?ﬁf’@ G%Fedl t ool - havi ng-
a vol une ofpfi0x&a8Rs fAIgWY: di ng cycle tine of about | mnute 30 was used. .

- During each cycle, the screw was turned for about 4 seconds at a rate of
190 rpm o nove molten polymer into an accunul ator portion of the barrel
| ocat ed between the end of the screwEgaplehe rrEi:a’imﬂam t WConlindExs 6r ew was

. t hen advan a.6.7 cm stroke to i t t he Mligul ated pol yner
into .the mcjreﬁs @aﬁ’[ h Tﬁe Iyrrer \AZ%)N%% owed 8rystaq§FQ|Cze in the nold

- cavi ty for a)»lﬁmilnﬂus%a\&ﬁa@econds bef or23t0pa nol dba(ﬁ’ratl cl é.Wa®ar enoved from

- the ol d ca s r at ed. total s@reaw output in '
~ Exanples 3, \ﬂiéaéa&%g rrpar atl ve. '@anpi&gg was S{S@(g/hr 11. %2 May 2006 WO
- 03/ 043798 PERNgaloT @7BEK +mBKEws| es63% 4 and CoWpar at i V8- Blanpi e 5, the

barrel tenpefialuish ¥reals hyahgl0C i $1.0be feedimpogone, WG in the
- conpression zone, and 215C in "the netering zone and accunul ator section.

The tenperature of the nold was set .at 90C. In each exanple, .the .
tenperature of Hﬂﬁdaﬁélyﬁﬁéymﬁuegulofdrﬂm‘elbﬂi@nﬁn&cbmwk isamoll @glcatdran 4C

O oot L s Shy PSRN S BRI o Btpite Xm0
: seen that with the screw of the present invention, the mlmmum elongatlon for the :
20 pre—compounded composition (Example 3) was not reduced significantly when the
s compoundmg step was eliminated and the same components were fed dlrectly to

‘the: mjectzon molding screw (Example 4). However, when a screw- without a
* mixing element according to the invention was used in Comparatwe Example 5
and the same components were fed directly to the injection moldmg screw, the )

25  minimum elongation at break decreased by more than 20%. It can be seen that the -
increased consistency is obtained with the screw ‘of the ifivention even when the
components of a resin formulation are not compounded in advance. .

An advantage of injeétidn molding directly-_-ﬁom .ihdividual components 1s
that a separate extrusion compounding operation is not needed to combine all of

30°  the components of the formulation of the resin. The compounding is done in the

| injection molding unit. This process produces molded articles with mechanical
properties equivalent to what can be produced usmg pre-compounded resins.




" when the m xi ng el ement was used in Exanples 3 and 4. Dog- boh¥2sH{ifed
tensile test bars were injected nolded in the two cavity nold tool at a
. rate of aWOUPYSHES nol di ng operatlon per ninute. The tensi PETBEBAY3730D wer e
prepared accogdin 0.1 S0, 29 (ﬁewad total length of 16.6 cmwth a
restricted p ‘i“?rd%ﬂllﬁ%ve’%%s‘ &2l PIORCHSH e IQWGT gspasiallyitek. Ten
tensile bars mh@edlowg&dm&a@l‘m&@lﬁew WveTi €ltet @R darxed se&ierés%tw&e tensile
testing accordln% q %? ! e nechan caI prop es of the tested
bars were as PEFIHR th @§§§$BT ﬁﬁsmﬁ% ?@ﬁgﬁﬁ@néfrength -
aver age72 MpahregQiodtheRenld@l M?elcmﬂlmﬂaldmcﬂy faoie naged. Bix@Fapdly3cédlathetmiPa

El ongati on at Xi mune5 %1
%%3. 5% El (r)sngatti@(’l)lﬁﬁkstang %%Hg\/%%lg eg“i/B g‘“@@%@ﬁ‘{}"g%%ﬁt gﬁdﬁﬂg%tency of the
result for t Wéﬁléﬂmg@ﬁr@n p&*cmmdﬁ@p@b@obflthﬁhamtmmpo&tmn he honogeneity .

of the polynmer nelt that was used to make the bar. It can be “seen that
with the screw of the present invention, the m nimum el ongation for the 20
pr e- conpounded conposi tion (Exanple 3) was not reduced ‘significantly when
the conpoundi ng step was elimnated and the sanme .conponents were, fed
~directly to the injection nolding screw (Exanple 4). However, when a screw
without a mxing elenent according to the invention was used. in
Conparative Exanple. 5 "and the sane conponents were fed directly to the

i-nj ection nmol ding.screw, the 25 mini num el ongation at break decreased by
~nmore than 20% "It can.be seen that the increased consistency is obtained
with the screw of the invention even when the conponents of a resin
f'ormul ati on -are not conpounded in, advance. An adyantage of injection
mol di ng directly fromindividual conponents is ‘that a separate extrusion
_conpoundi ng operationlis‘not needed to conbine all. of 30 the conponents of

" the fornul ation of the resin. The conpounding is done in the i njection

nmol di ng unit. This process produces nolded articlés wth mechanical -
properties eqU|vaIent to what can be produced using pre- conpounded resi ns.
12 2 May 2006 PCT/ US02/ 37307 Prior to this invention, the mechanical
properties were | ower, especially the average elongatlon to break due to
unmel ted or. unmni xed partlcles that were injected into'the tensile bars.
Surprisingly, it can be seen that:the el ongation to- break: for the nDIded
~article nmade difectly froma rough_nix_of.polyaCetaI thernal o
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5 stabilizers and | ubricati ng agents is substantially the saPMae% hat of
mol ded V@ $¥EB®§ made from pre-conpounded pellets of t hePSENE2YAYosi ti on.
WO 03/0-43798 2 May 2006 WO (13/4143798 PCT/11S(12/ 37307 W claim 1. An
apparatus for extruding a polynmer nelt conprising: a barrel having a

hol | ow spacMﬁEﬁi n with substantially. round cross section and a '

| ongi tudi nal axis, said barrel hollow space having an inside surface, 5 a

screw rot at abl yi, rrpmIapﬁdaﬂuﬁlfdrfmnbdhmgelpom:hdrmlsmqmsxml d screw being
nmount ed coaxi al |

tud f .
said screw rmu‘h'}/a&f’l gymng P&‘ﬂ@?ﬁg'f?%"ﬁ'd %ﬂlﬁ?ﬁ’(’ﬁﬁsu% %{Pﬁlry Pnfﬁl}ogu&hhwesg_gffel
h?' ![ﬁw bspaﬂfﬁ 4 oogitatindl mk s saghblarce hb]imvlspaqeéﬂaﬂnglanfmlmcet,o an oEt l et end
o) e barre I rew having a
screw sh%ft tz{:&%@#@ﬁﬁgw? Al y&%(e@gﬂ %5&; efr@ o%gd S&ﬂ{égelﬁgew shaf t go
as to for meaopmtari edaxiallyo¥ith thleﬂgrﬁl@du@bms alciheRamehioNgWsPaemeaid hr ough whi ch

nel ted pol yél?éwhﬁ) H\f&yt?&smﬁthﬁgﬁ%%ehm@témﬂau&h@vvh@b&sél}ﬁ;ﬂsﬁn onal area
bet ween adj acen

{ t hat I h ht
Chat  the. scimars kmendnist el thapara Holtew Saedd aBgvanand abBeafrt sorow
rs] haft nul tigdlioadspaye tﬁhal tﬂe@&ﬂ&wﬁ@i’mﬁled, sl Keenhafihg gbrtrsw shaft mnhdl screw - .
aving a_po n-w.fhin the zon rou i s conveye
whi chgsbor gﬁhﬁﬁﬁﬁ?l&‘fx ?‘t‘?ﬂdfr}%ﬁ?u"g] t&%ﬁcé tsﬂ%’\g%%asatﬁ?o 9%‘%&%gcr ew shaf%/
forms a m xflightsedaghenéw having g zame thrdugh vdnchmﬁlte:bpdnnmpdvthda inl et end of
the barrel holl #&%‘%‘?m%@% ﬂ%gv 8’354 fe&:u&fh‘iiafgarb%ﬁ%%ga ﬁ%@t%ﬁ]ﬁ?opﬁlﬁl et end of

the barrel hol risi-n drum shaped

~surface extserai thgt mbqwd to e rsdmlelwﬁnéhqt theirgrew ﬂ“ewﬁi'eaﬂldlweﬂhﬂ‘tghﬁ screw
shaft, sai gex@énu ﬁﬂ%ﬂﬁé’s&% kRAPmiRIHIRY b?ﬂ[k‘ Wi bétweéﬁ adjsideut fligh@oves on .t he

drumshape sur ace extending 1n a aX| dire n wth groove
openi ng® at t hesaidrceaw baangsl pqrﬁgnml ’hg‘eépﬁ u s‘%b‘&hm?ifﬁ‘f PB6Ues 25

t er mi nati ngsbefveye wRRERLRY oo istwitHoutn sored thiogd dwhere elhmw sai d

dr um shaped

r.face havin Iurallt [
drum s hapethgﬁ forgse @W%aFﬁﬁ’% V‘é‘gﬁgﬁrélf \RRY itk ngo‘glgr\régg ﬁ%r% C\I?VIE't% h groove
openi ngs atthb bardd thbllew sﬁamﬂ: anfl at lostletieni ﬂgeeibdz mard thedutlebendmfithe gr ooves

term natin LI?OF}E)W dve@ %ﬂ&g&éﬁ‘gﬂt%&ﬂpﬁ&mghe m xi ng el enent, 30 said

pluralltyo aid plurality of |nput _
grooves2such t hat salmkirun'pshﬂp @e@%@n@n@@b@@@@r%ﬁbqu {8 with each

ot her over a porctohﬁglmthrtﬁ'é%cwglﬁﬁe of the mxing elenment, |ands extending
bet weensai d-i nput grooves and outung} rooves that seBarate said input -
EC

grooves from sai d outgiddrymod Rg # pRralitg 8f IRULETOQYEs OBdf g
substantially eqiah- ﬁl@pé&bﬁrﬂa@d“@itéhdﬁig ﬁlfaege?ﬁélﬁlllyghdﬁhéerDh iwth groove.

openings at the inlet end of the mixing element, said 1nput Zrooves
25 terminating before reaching the outlet end of the mixing element,
| | said drum-shaped surface having a plurality of output grooves on
the drum-shaped surface e'xtending' in a generally axial direction with - -
. groove openmgs at the outlet end of the mixing element, saad output

, grooves terminating before reaching the inlet end of the mlxmg element,

30 - said plurality of output grooves alternatmg with said plurality of input
grooves such that said input and output grooves are contiguous with eagh L
other over a portion of the surface of the mixing clement,

B lahds extending between said‘input grooves and output grooves

o that separate said input grooves from said output grooves, the length of

T35 " eachland being substantially equal to the length of the contiguous portion
| of the adjacent input and output grooves, each of said lands having a top
surface extending the length of the land that has a thickness between the

14




of the adjacent input and output grooves, each of said l.ands?¥&4%§ a top
surface ewtceestisergst he 1 ength of the land that has a thi ckesaisbssmseen t he
14 2 May 2006 WD 03/0-43798 PCT/ US02/ 37307 .input and output grooves of

l ess than 2 mm eanipusaidbutmp gmuvbaoﬂesxfthaaidun Ieaﬂd&lcbt(ﬁ)@ﬁdhcfeg)ftsm}ard but

ot weon s 100 &IPS SEHl 0% 4R lG: DAL AMnlREA bl S Bt BRIQVC
barrel hol | ow spachartzd; the clearance bedviead. cacintop sBrfedearfeiid latisraed the ingided
‘cross-sectional Shﬁﬁfac@%?@aeggﬁéﬁmgﬁﬁi‘g@a epnr% lg%qﬁaﬂ @ggm}lhat is equal to

| ength of the land nulti et ween the top surface of
the | and &hd the inside¥ erﬁméb%re@?alaﬁécwawwonq%@h%wewae‘es,po jag the

tSlﬁmmtl on oflthe {éi&ﬂlﬁfd%ft-@@@iat !ﬂﬂ@hgtﬁhﬁﬂn&]z%rﬂrrg%ﬁ fi&d bypdhl bc&fa:a]gdlsee | ands of
emxungeenren reater 0 f ow _
cross-sectional B%T &9 5 eioth%@ﬂﬁam‘rh&rwsg %?“@ﬁ%ogf&'fsgwdt hr ough

whi ch pol yner passleailowmmde ahéﬂ;equmnmtmhofﬂiatlmddfrgsst-sleeudnakstraredsement 2.

The "appar at us of C%O%H }th\é’q eﬁﬁlen %A@Itggatgmﬁgp%u&rtgg %

sectional shear -areas Por a € m X enent "1s greater
than or Hjual to theﬁwmrossfsectfqmwm bdweenibe pdjnednt Hights ofdhewssew t he

‘adj acent flights oﬁm B whiGH poNrhe RMQR itk geROIIOTRS cMBISEme nillRg! at el y
prior to entering-the mxing elenent 20 3. e apparatus of claiml
wherei'n t-he sunmat§lgRes the | and cross- sectional shedr areas for all of
the lands of the mxing elenment is between 100% . and 120% of the flow

’ ti l 3 bet t h th h
o el et e R et R A IR, v M ig® br e S ) broed”
25 4. Thetsap maetamabshaﬁr arba for 211 vfthe &inds dfthe sidinRtelenrendis gréaeerltlaamobrc ross-
secti onal _sheat. af g0t Ay Blosl Db ANYRARLAIAE 1 21,00, BHSEDE gles or eat er

t han or equael OW T 055~ 5actondl . ;

adj acent fli gshtewtbfoughewhl@cp@ymcﬂm@wgmmdl@wlmmmecmpésgés nipngdi at el y
prior to entegiifg¢the mxing 30 element. 5. The apparatus of claim1l
wherein each top surface of the lands extending the length of the lands
have a thickness between the input and output grooves of . between 0.2 mm

and 1.4 mg- and salﬂelagpﬂa@lb oaLiais € wheinrHe salhﬁlahe@oﬁmeflaﬁa:r@@‘s- 35 'sai d
| ands .and t he_insi ld% sur f { fItﬁe bgr rfe{l hol.| ace |§N bé],; range of
0.1 mmto 0. 3esjpnals e¥5areas or all of the lan soft emxxmg ent’is be cen 1

a.nd 120% of the flow cross—sectwnal area between the adj acent ﬂlghts of the -

screw through whlch polymer passes immediately prior to entenng the mlxmg

“element.
25 |
| 4. The apparatus of claim 2 wherein the summation of the fand cross-
sectional shear areas for all of the lands of the mixing element is greater than or |
| equal to 102% of the flow cross-sectional area between the adjacent flights of the. '
 screw through whloh polymer passes 1mmed1ately pnor to entenng the mixing

30 element

. 5. The apparatus of claim- 1 wherein each tbp surface of the lands extending |
the length of the Iands have a thickness between the input and output grooves of
. between 0.2 mm and 1.4 mm, and said land clearance between the top surface of
35  said lands and the inside surface of the barrel hollow space is in the range of
 0.lmmto0.3 mm.




- 2.May 2006 WO 03/043798 PCT/ US02/ 37307 6. The apparatus of cwﬁm?oﬂ‘i\/\herei n
the screw zone t hrough which nolten polyner is conveyed includes

met eri nf LHE*PPoxi mate the outlet end of the barrel an'EF‘E"H%"zfﬁ"'%Vng

el ement is loca 7. The a of claim®6

. . th
wherein the net ér &hé\na%h"’g“ﬁi q?iB‘p](tug’F‘F"«S ggcerewgﬂﬂe e p‘i?%‘aﬁér"r?i“ﬂ%m nt

bet ween t hepolypesistenesyds irmudel @ nivedratg 20ge panématnthd dilet endbfehelg el ement s

| ocat ed. bet é] aﬁg*%ﬂﬂ&ﬂ exﬁrféj OE%E? mnosfm&x@;%te?t eri Jg_zone directed

toward the | arre "OW space 05 287 "The appar at us of
- claim7 wherein the mxing elenent is proxi mate the end of the netering

zone directed towgpd, appafand eﬁﬁ{l%ﬁ@wﬁ&e}rﬂgsﬁé&{rﬁgéﬂﬁéb WppBgGnds. The

apparatus of claim®6 e screw
~ conpr essi onalszﬁhére1&&611@@@@18%%11@«@mp%it@ﬁndswét%nmnmorw afityht in the

feeding 15m7ARg clemehiie 1@@{adr&n@éen@aﬁl bint fhd e eAEbEMhE RektdRPSohs | €SS

than 1.8. 1 appa s of aim relnthe m Xxi ng. el ement i ncl udes
at | east : 1%1"%‘" ] ‘é Ghead Qﬁ@ea{’tm]e “f?ﬂa‘é% out put grooves. 20 11. The

‘apparatus of claim 10 -wherein the m xing el enent includes at |least five

i nput grooves t f [ ooVes 2. The a us of claim =
ober 0% be 1 PBamsBaRl qfetdme Wlithithy SY0Re etfep! S orAGRERIALS. 25 13,

The appar atemsi Qﬁth@maienngzwmlmcwdttwardpb@nmt@sd pEthgdareldiollawpphgarer .
extruder. 14. The apparatus of claim1l wherein the apparatus is the polyrrer

. extruder 30 of an injection nolding machj-ne. 15. The apparatus of claim6
wher ei n the net%rThpppamisidslaip Gﬁﬁlii%elﬂﬁwﬁ%éaﬂfegﬁ@géﬁﬁp@mel n the

. mxing el engiprbdidnQeat aed dhctdie tRULHEHT @BYoRind dTR fligRlighdGediape. 35 16 .
15 _ zone to the volume of a ﬂlght in the metenng zone is less than 1.8. ‘ L

10. The apparatus of clalrn 1 wherem the mlxmg element 1ncludes at least
three input grooves and at least three output Erooves. '

20 © 1L The apparatus of claim 10 wherem the nmxmg element includes at least-'
- five input grooves and at least five output grooves. .

+.12. The apparatus of claim 1 wherein the hollow space of the barrel is _
cylindrically shaped. -
25
_ 13. The apparatus of claim 1 whereln the apparatus is part of a polymer
extruder ' : : :

14. The apparatus of claim 1 wherein the apparatus -.isrit‘he_polym'er extruder

- 30 of an injection molding machine.

'15. The apparatus of claim 6 wherein thé metering zone has no more than .
~ one flight and wherein the mixing element is located atthe outlet end of the |
metéﬂng zone. | ' |
f 35
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