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o (57) Abstract: An apparatus for mixing thermoplastic matenials is provided. The apparatus includes a barrel and a screw rotatably
~@\ mounted in the barrel. The screw has a screw shafi with a thread spirally extending around the screw shafl so as to form a plurality
I~ of flights, and the screw has a zone through which melted polymer conveyed. The screw has a portion that is without a screw thread
where the screw shafl forms a mixing element with a drum-shaped surface extending above the screw shaft that is coaxial with the
-screw shaft. This drum-shaped surface has a plurality of altemnating input grooves output grooves extending in a generally axial
~= direction. Lands extend between the input giooves and ontput grooves so as to separale the input grooves from the output grooves,
with the length of each land being substantiaBy equal to the length of the contignous portion of the adjacent input and output grooves.
There is a land cross-sectional shear area corresponding to each land that is equal to the length of the Jand multiplied by the clearance
between the land and the inside surface of the barrel hollow space, and the summation of the land cross-sectional shear areas for all
B of the Jands of the mixing element is greater than or equal to 95% of the flow cross-sectional aréa between the adjacent flights of the
screw through which polymer passes 1mmed1ately prior to entering the mixmg element. ‘
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IS provi d?e;d The apparatus includes a barrel and a screw rot atably C~

mounted in the barrel. Thg s ) ) Lth a thread spirally
ext endi ng around the screfds NSNS == [ dlity t of flights,
and the screw has a zone througr gt‘g’ &hi rrel t ed ﬁolyrrer conveyed. The screw
has a portion that is wthout a= re the screw shaft fornms a -

m xi ng el ement W Thisdnwtntion sdiaped mupbaatms dortreindigthemivplstit hatesialsew shaf t

that i s coax rew as a.

bl ar al 1ty or "0 Bt pAS sE Y A b Pl AR P et

general | yo axbaused\mdxtneietsmdmjcammelmma@meaeen t he i nput grooves and
out put grooves so as to separate the input grooves fromthe output grooves,

with the length of each |and being substantially equal to the I ength of the:
“contiguous portion of the a&a@@iﬂﬂﬂﬁﬂ&%ﬂﬁ!ﬁﬂ;ﬁﬁi grooves. - There is a

| and cross- SECt'Omﬁéus%ﬁﬁ%ére%@@eﬁﬁfd%e&ﬁ%%ﬂh@&nﬂ%ﬁ@mrh@lﬂ%oiyhi& ig s equal to
- the length of lﬁgg mul ti l|e gﬁythe cl ear ance W’j ﬁ‘ﬂldtthe | and and

- thhe i nsi de” sUFY &B&YBf ”crﬂlé‘gﬁ% ’r%‘fe]n o5 LRYR & conyiptioRd seeindtiPHIeof t he

1 and cross- Smhelﬁﬂgbncb‘ﬂmeang polgmerst d]’heal:rlew miEIucﬂésEthﬂealszsozi feeting mond ng -
o 8 IS A S N O AR, 183008 ol e £7 O8SeqATNL onal ar ea

bet ween t he adj ASCBRE &l Iymer passes
i mredi at el'y . Jnised utmhtéhwebarrﬁgljlﬂ having & icomstant emncyhndmlemmmwge a2 May 2006

PCT/ USOZ/ 3 73§}Kootﬂ_kﬁﬂeﬁsurface Polymer resin, which may be in any form such as pellets,
- granules, flakes or powder is fed through an opening 21 in barrel 19 mto feedmg
20 -Zone13 where screw 11 turns to pack and then push the polymer mtq compression
. zone 15. The polymer is melted in compre_seion zone 15 and then conf/eyed to
metering zone 17 where the molten ‘mat_erial is homegenized. -Afterwards, the
homogenized melf 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,
N _ which is the height of flight 25 above shaft 23 and by their pitch, which is the
’ ‘ distance P-between two adjacent flights 25 plus one flight width. The outside
o diameter OD of screw 11 includes the depth 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
o ‘element 30 from which polymer is fed/by the screw to the mi)ting element and
‘the input grooves 32 are closed at the opposite end of the mixing element. The
“output grooves 34 are open at the end of the mixing element facing the end of




M XI NG ELEMENT/ SECTI ON .OF A SCREW | N A PLASTI FI CATI ON APPARAZtMay %106
BACKGROUND OF THE INVENTION 1. Field of the Invention This invention
bar i el ar | fhe dBaAomaR e YRR BREE B SRRRL BrogPEdk can 10
be used in gxtayRRrS tRNEhpoBiteeid ontheohidingelonrmhi e lar@s 3pdfouniapt i on of the
Rel ated Art The use of screws to extjude. cq i [ nmol d
pol ymer is D¥Rsier PRYYERGR thermphf $I9OY S g @wre-ﬂe]e %uﬁpﬁgt?}» gv?szﬁgkyéﬁmk&gé%ﬁvent i onal
screw | | f gleatanee bétvebmtherbp ofi thealaudswndithe gtk shefpes: offthe bawekeld-i ncl udes
t hree zonpes,.a f.eeding z : ' I ab lorae seede 15 and a
met er i ng5zoﬁgef‘f?(mgcﬁﬂ]eg\}\?“?%@iréétﬁ%%@g%ﬁ%z%vﬁgpféhvg%g?rgl 19 having a
constant i nslerft 23| Theroteton df descesw Eneps ol sATOLSTIRE e dPithce. Pol ymer
resin, whi chdR¥Ds) bﬁﬁé%xﬁ%@’ HeRERIBEDVBSHE @Pof thglais363hrdughkies or

ed T an

powder, is rough - opening 21 in. ;barrel 19 into ' 20 zone 13
wher e screwclearance hefween H@dﬁ“‘%ﬁrﬁf’g %rf‘i’é‘ll?e b‘ﬁgﬁ s °ep%‘i9'§?ﬁé’ rrFLf%gﬁé({]ogrrLgr ession
zone 15. Theyd Wﬂﬁroult[ﬁltgﬁidv@ﬁ?yhn Thenmphessimat Eonbjedsd amd higlesiiceonveyed to
metering zone 17 where the nplten erial | Hed yards, the
hormgenﬁ%eds'i‘i%slstasi‘%‘séﬁ‘f‘?‘eﬁﬁjeg‘?twe?thf%’gt{’? BF&'&;{’@@?% 25?1 ggﬁ%%gg%eﬁffu ther. Screw
| 1 includeghesbased e ShuitionABsdrawimiging dlémens ¢osfigurations ase disciogetel® 25 about
shaft 23-toy ' | : - Fl i'ght.s 25 are characterized by their depth,
which is thy'%&s}gﬁ{“ %@%??%2%625 above shaft 23 a,ng t%gt gfe#'gr IHtCh’ whi ch

i s the distanceWitheixiegelempotsddp sl describedphoye 50 R0 GHECYT 1 ht wi dt h.
The outsi, de’o‘;t%azgﬁ{{fpigﬂgggieg%gpsr%nﬂe}miﬂﬁg WGi@SuttdD eiedanichimé ganetdtinght 25

above and bel ow

) _‘ eas . root di ameter RD.of serew 11 is the
di anet eds.of exdessive bating pfthe PBW&VHB& ﬂ?‘lﬂ'&?@ﬂﬁ?%"%‘%@”@&%ﬁ’%"%ﬁgf lights 25, ,

U. S. - Pat ent Pg@m B A8GrdBlylieet Rseaedd for ¥ imiginglsereenforfuse i eXSBIdLY at.ion -
into an extrus] on screw,., which. m xi ng_.el enent i 8: Mol dF (b BHel F1d2. The .-
mi xi ng el enahf IMEELPR %%d@g&?gg%ﬁﬁwg?lﬂ%?’eeﬁ av&ephﬁlgﬁ?é%ccg@hg# .. s machi ned
with ~surf apgmesanusion 3at andd@s nohigeterse anduspmating ar BoraditivaPliBhds 36. The
i nput 35 groaves 32.are open. 2 68w bint D iy ieNtGnedk BHE BEndraes ng t he
end of the P@V%ﬁ'ﬁ‘hﬁﬁ’- $Pgsﬁ]’l\lﬁegtﬁ9?%?&gn\gﬁﬁﬂ£§@é§h§g% “scr EIW to the nixing
el ement 2and a highedéggruaf mlyoermixeg hutedogs salrpngirai %ﬁ‘ﬁ@&il}?' RHd of the. .

mxing el empnt. T RRESdRGioRE B QRSN r@tltiémspeensiamf ovenall i xi ng
el ement fagﬁﬁé‘lﬁ%{eﬂ‘géﬁ'&%@%‘ tE/Iay Zggg%ﬁej ,errentr gé'%l?w?rd.v\%ch polymer is
di schar ged polymeneessuthpenshgpopiesstesassay; o fids Bepdsd thefs Biydosi te end of the
m xi ng el e“ﬁﬂ%aratﬂ"ﬁmi @[Ig%-oéﬁzefﬂfdﬂ@gen&ﬁﬁEﬂ@ﬂ&djﬂ&m&épiepb@lﬂammth@ﬂtmves. 32
tp : B

and the ou .grooves 34, byt there is a . -
: » causing substan_tlal degradation 0 the polymer resins. 7 :
. ~ SUMMARY OF THE INVENTION o
Embodiments of the present invention relates to an apparatus for mixing thermoplastic
materials, and more particularly to screws for mixing multiple polymers which
- Screws can'be used in extruders and injection miolding machines.
30

- 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 substa_ntially round cross section
and a longiﬁldindl'axis, said barrel hollow spacehéving an inside surface,
35 a screw rotatably mounted in the barrel hollow space, said screw being
mounted coaﬁially with the longitudinal axis of the barrel hollow space, said
Screw mounted for traﬁsmittihg a polymer material through the barrel hollow -
o space Vfrom an inlet'end of the barrel hollow space to an outlet end of the barrel




cl earance between the top of the |lands and the inside sur f aceMd2%he barrel
19. 5 The mxing elenent 30 rotates with and is driven by the turning of
the screw shaft 23. The rotation of the screw forces nolten polyner into
the input grooves 32 of the m xing element 30, over the top of the |ands
36 through the clearance between the | ands 36 and the inside surface of

t he barrel and out, through.th t r melt is
subj ect ed ttg%ogsﬁflcgfhw}é%tg? SYEW 1 E9 %tse"g Sg%sﬂtslc 'S sq%gécrey]%aﬁ\%g{?t he top of
the |'ands 3breadspitdlly exteailiohg asouridetbe s@ew shafesthas todbrm @ pluwlintafonal - screw
m xi ng ele f aetg]ijd I at 6, 136, 246.
. Wth m x:@gﬁ%lsgﬂeéﬁ%w ﬁJﬁlg@gﬁ %ﬁ‘ﬁﬁﬁ%gfg?/deﬁ&?m ﬁas&gg%}lr?eﬁgl fficult to
obtain a very Hhaitrarehrdns eﬂowrywcm e hetresnadinceatflighty

generating scﬂe@thﬁt @é@&ﬁd ah%r&ﬁalt fagut@ﬁatmcw MBI dmhsadjaé@quegm y causes

degradation of t cor t her S a ne m Xxi ng screw
for use in eéf&“ﬂ%l@@ tl&‘-‘rﬁ""r"ﬁf Hﬁ‘gﬁéy ﬁh" Twser. ﬁ‘g?c‘%{'@ﬁf s a very

hi gh degree of sﬂiﬂ%bﬂ&ﬁf md]g mmige Wiithit the nomam@twhiohmemu pobmerat e undue

h t .d Th :
B Tyt e T
does not cchsft foums aﬁhmmgm‘lemm hpwing s inlet éndoin@lqteﬁhews@rfb@wlﬁ@t @é ofo nake

reducti ons e R6K Pk Ak SREBHS ARTBHES Rvbard BAIRE of@Sf e hr OUghpUL
rates necessary at. I's needed, erefore, Is-an apparatus that wl|
produce a eww&mmldmlémgrﬁéﬁfw%l‘?@nﬂ’aﬁ?&ers wi thout causing

substantial degradat i,gpufishiftd dﬁﬁﬂaw&&emﬁg fove HODPRY skt Tl NVENTI ON .
Enbodi nent s .of the present |nv§%1aéon rel ates to an apparatus for m xing

thernopl astic §exd4livaftsthe sergw particularly to screws for mxing-

mul tiple pol ymers whisgh d&ﬁﬁ%ﬂ@p@&ﬂrﬁb&:h&ﬁfﬁfgdﬂumﬁw ufimpat gredvésmingbe i on

nol di ng machi ne 30, In or danc ect i nventi on,
there i s provi dgﬂméﬁhapgﬁﬁﬁ%%cﬁt?@fnge%aﬁ%?rﬁg?%ma rectt%% vﬂfkférgg{rnp“ sing: a
barrel having aoberhhgsvntsl&amktbmboﬁﬂmwmlgebamumatd mpuygmomd cross section
and a | ongi t udi pal S i nsi de ‘surface,
35 a screw rot atteéﬂv)f%yﬁfgé%a%b%%ebarre ol %@13 éeﬂgnésﬂgl d screw bei ng:
mount ed coaxi al'ly w s#ddnemisbapgdisudfaeshaving %P]@falltth@ PUPHEEIOOYRSIFow space,

said screw nmougted foh . *’M&E%‘@H%ggggé aﬁg.al i) 1|(ﬁilecg5t[wgh the barrel

hol | ow space froman 1 (ge to an outlet end
of the barrel 2 geoovaypaons #dhd oule @f%eﬁxma@%@waa oytgiLt ed, said

~screw having a gfdo%\éé @hafnaing boore rc&&}ﬁl@%aﬂic%ﬂb{éid'Mtﬁ%hﬁﬂﬂgwwmund the
serew shaft so bt bao. tsy lternating with said plurali of input
_ said plurality of output grooves a g p ty p
grooves such that said input and output grooves are contiguous with eagh .
other over a portion of the surface of the mixing element,
. laﬁds extending between said‘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
Aba.rrel, the clearance between each top surface of said lands and the inside -
surface of the barrel hollow spa’cé being less fhan'O 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




flights, said screw having a zone through which melted pol yre¥@i28% onveyed,
the screw having a fl ow cross-sectional area between adjacent flights of
the screwthat is equal to the radial height that the screw thread of the
adj acent flights extends above the screw shaft nultiplied by the width

bet ween adj acent flights, said screw having a portion within the zone

t hrough which nelted polynmer is conveyed which screw portion is without a
screw thread and where the screw shaft forns a m xing el enent having an
inlet end directed toward the inlet end of the barrel hollow space and an

outlet end directqgw&8§ﬁ$gu&gfwﬁagﬁgheg&qag&ﬂkngﬁdQQﬁﬁﬁkOpgkugﬂkppace,_said

m xi ng el ement conprlsing a“drum shaped surface, ext.endi ng ove -t he screw

shaft that is codallaw sgeeh ang thespmaption f the land gosfrsrtiaiel phedr e67% ace

havi ng aI lol ural i It YioPhH bﬂwum@ﬁmamga@nerd grsitenden Stll_étilili!:&) gmg e_fl]gi n% in
a generally axial direction wit roove openi ngs .t.he - nd Jof the
m xi ng el ement, ségﬁhPWpfﬂ?Sséf’%tb%Eam? é‘?tﬁﬁeﬁ‘gﬁeﬁgﬁﬁﬁ@%ﬁ? %%@ﬁlgéraﬁt he out! et
end of the nixing thloagkwhichgmilymeirpasses irapediatly praardo hntering the mixingl ity of
out put grOoves-on'e q§ﬁdrun}shaped surface extending in a generally axia
direction with groove openings at the outlet end of the m xing el enent,

- said output grooves termnating before reaching the inlet end of the

m xing element, said plurality of output grooves altematingwith said
plurality of input grooves such that said input and output. grooves are
contiguous wth each other over a portion of the surface of the m xing

el enment, | ands extendi ng between said i nput grooves and out put grooves

that separate said i nput grooves from said output grooves, the | ength of
each [ and being substantially equal to the length of the contiguous portion
of the adjacent input and output grooves,. each of said | ands-having a top
surface extending the length of the |land that has a thickness between the

i nput and out put grooves of less than 2 nun, each said top surface of said
| ands extendi ng toward but not touching the inside surface of the holl ow
barrel, the clearance between each top surface of said |ands and the inside
surface of the barrel holl ow space being less than 0.5 rum wherein there
is a land cross-sectional shear area corresponding to each land that is
equal to length of the land multiplied by the clearance 3 2 May 2006

bet ween the top surface of the land and the inside surface of the barrel

hol | ow space, and the sunmation of the |and cross-sectional shear. areas
for all of the lands of the m xing elenment is greater than or equal to 95%
of

3a




the flow cross-sectional area between the adjacent flights of MP¥&%crew
through whi ch pol ynmer passes imediately prior to entering the m xing

el ement YOUXHY 8006 WO 03/ 013798 PCT/ US02/ 37307 BRI EF PR oF THE
DRAWNGS Figure 1 is a side view of a conventional screw, Figure 2 is a

side view of a portiog g{ a c&gﬁittl xi ng_element on a 5 screw,
Figure 3 is a side vi K 12).qilﬁ-gKMlﬂﬁéaccordl ng to the

i nvention; and FF@Ufeel 14a|s$deaneuve53ceew&1t1mlscrewew of the m xi ng el ement
shown in Figure.3 120 dA‘ EESCRI PTI.ON The %agsent i anHl on relates
to a nixing appal SP< PRAICARY BLT LD Odagﬂnv‘l“HF tnlldlllg " frachi ne or

an extruderscrére m xi ng apparatus includes a screw with a screw shaf t
having a thread A { 15toform
A bl urarity, of T Ege 4 RENEY SRR ERE el Aol LU SPAGR R B 10,

conpr essi onmzfeﬁ@namdi a nmetering zone, and I n use is nount ed in a hoI | ow
cylindrical barrﬁlgulearﬁb@er&see&lo%ehwoetrfa%ﬂulgm Gherft$hd gl cal- wal | “which
allows the screwto rotate within the ho ? A mxing elenment is

i ncor por at ddguert o the neteri ng zone of the screw to enhance pol yner miXxing
Wi t hout1g nduci ng 20 excessive conpression or shear in a polyner being o
m xed. "As used herein, the t zane' ‘refers to that zone of the -
screw where the materi al uﬁk&liﬁﬁbﬁg P.”lé? ot .been fully melted. :
Wher.e the poI yneThe;:resentmoelutmdelatesttdnenfmmg\apparﬂot thaecange Used m art he pel | ets
are present. ; e The term
"corrpreSS| o eg%é}d;%oldrrfé Elg gfﬁé@gﬁg ‘cr)ll h}%é%fpdar%m%]lﬁcluﬁ %1615 %t erial is.
bei ng conpr\eeleedcrawdhtr&hmeneaﬂneztdwlr@klxpomorpdIabwﬁrthmqrd:\eslsaﬂsoms exanpl e,
the pel jset s356n PHRSAIY of Righfle THRYEH m&%@ %&b, gt ate between . -
their bulk ?or Egﬁ ﬂl'l)enig’?]orm Thé3 wal © ?&ﬁﬁ dltl(l:@(l”rlf’)w barrel within®
whi ch the- @e‘rpéwswatzaﬂe@dawemagéeneﬁn@ H’éiseé%rpp%te 482 bk to nelt the

- pol yner be;ﬁ:nm@@eﬂanéQalaﬁigtalpeefeebgwenolst}enherdmhmeéaeWanevlﬂmﬂloursef ers to

t hat zone of -a screw wher terial,” has . nel ted,and the
ot en pel heSorp € HiE it 8 nPTIOV e, L RErRE Elbmiel s o e et s
are prese ntmtorthamecannngezbmé yf e kdrew t6 entrance) prdymerl dnscm)g Withﬁllt mducmg -

20 excesswe compresswn or shear in a polymer bemg mlxed _
' - As used herein, the term “feedmg zone” 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 unmelted bulk form. ,
25 The term “cornpressmn 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 eompressmn 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 mrxed
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 walls 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 ﬂ1ght has a p1tch of 25 mm, it means




hol | ow.barrel may be heated in the netering zone to hel p maid&A{% he

tenperature 35 of the polyner nelt. A flight of the screwis characterized.

by its depPWIOMPEN is defined as the height of the flighCralsoygrsthe screw
shaft, by its width, and by its pitch, which is defined as flight |ength
(the di st anc éhaethpadhe sanpv aﬁdljoa%@fﬂncﬁ,dlhﬂgowﬂwt ingh¢ Highhts movedtahillscr ew shaft)
plus one fli eRtmwidkke sckdwa flight has a pitch of 25 mm it neans 2 May

2006 WD 03/043798 CT/ US02/ 37307 hat when the screw is rotated once, the

‘pol ymer in the flildWt DP¥ Gressetgctnmbares’ bebween adinceniclishts efa screns i f | ow

cross- sect i orglalas &ﬁ:"debﬂityﬁﬂélaraﬂuaa@pa& behvicghtise s@fevﬁstﬁﬁrﬁ%ﬂﬁhe fddal to the

depth of the an nuI shaft 23 and the jnside 5
. surface o% tﬁ'é ?ﬁ?lq lgcgfoiweg %ﬂfﬁtﬂ“ﬁtﬂﬁ ﬁi’ér ’cd%’e BPHC}blet%‘éldﬁrtch The
Wdth (W ofW)ié the pich mbebﬂcxﬁaﬂe&byatedﬁllbwmtgrfenﬁmbl owi ng formul a: :
- WEP(cos0)-e where "0" is the angle of the flight versus the directi-on 7
per pendi cul ar to Wd(cenfyi-teudi nal axes of the screw, "P" is the pitch, and

e L8, the (hi cknegg ol he bt i@Tig Brd08 Tk R% gRRALRLE 6 (he

present invention, the screw | errent in the
zone of a scﬂWt%P&%an@HhWFQ%JP”tﬂt%ﬁﬁch gnd ‘é@i’nvégﬂeblckﬂﬂseOﬁihm ng
~elenment doesfligt. restrict the passage of polymer but, at the same tine,

i nduces a-very high-degree of polyner mxing. In a preferred 15 enbodi rrent E

~of the invention nhmemmtnggpthmeefthes;résemahesﬂmbﬂ theecrswtxﬁﬂmdwazone of the
ere the S

- scre The erab | oca e :
B corrp\rNeSS| onniz)é%te%% SUE glgtettlu ?Pé?%&‘r ﬁ&“ez e B CWIBW RF ?@VQWFV(‘%I y, the
i xi ng el eneganveyaly "lehxxmgdetnattsiewrlmteeﬂhmtﬂt@asﬁgebfp@ymeﬂmt atnied udi ng in

the nost do%/gﬁ%{ n_alternative
~embodi nent o ﬁlﬁ@%&&ﬁ\%gr‘{ H@F‘gf{%&s@ %W gﬁtﬂ 'g?lgre\ﬁnrf% a feeding zone
and. a coﬁpre@@b?ﬂﬁ@@w%m@ﬁ@ﬂr@t Biiing clement 1S\}wqawdan Hiexietgring zoment | ocated

at the end off hBScreRMIES AR cldRALisMEEALLNBARE] AT hedidmbeeg mel ted. In
anot her alternative enbodi nen invéntion, the screw can be nade

“with a feedi PG RES ‘Eﬂ?“‘&w&*t}&ﬁ?f&%f thsreme AtaRtvayithe t urn fol.l owed
by a very shmmngretteearenmglagzmeo@fedmm%eﬂeﬁﬂ ehelri@bri@Nfonk! inBitlingih tHe the

ool e el R EdeR b Ak ik, YR RS SR BTE of (he
_ present Invenvémion, ﬁleeimwmmghﬂ?frgw\wh 3 feedthg4ond el acomprgssidrezomabud0 i s an -
S0'and 44 1 Hs| haeEnlisbl, Sl ARSTRIGNOR o Al WIS PHEEREES 00 S5 an

30 and 44 that are Separate e grooves 42 and'
44 : zone where the polymer has been melted. In another alternative embodiment of :

~ the mventlon the screw can be made with a feechng 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
{ ) S ‘metermg zone. | |

A preferred embodlment of the mixing element of the mtxmg 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



.15 toward t

preferably have a curved cross secrion such as a rounded crid¥¥2®tion or -
the parabolic groove cross sections shomn in Figure 4. The |2Put gr ooves
42 are W&IBMHHPEt he end of the mixing el errent faci ng t hd @SR e el enent _

40 - from whj ch pol yner |sfedb t he sc the m Xi n enent . and t he
" input groov‘@@“‘%‘)ﬂ‘?s Hr andcihg QU ‘agmf’}’l‘zes %g ée g;ﬁaclgqrar?qeiemegnr{gea enent .

The out put t@FQﬁi\ﬂ%Iaﬁds aiil e Qiside altrfat:dﬂefﬂmdaaoifel 1 he Thie xiyhigdeg b€ ient faci ng the
end of the e

mh ch |s di s e out put
grooves 44 I&P‘éﬂ%&&%ﬂt %ﬁtfﬂfsh‘g Bﬂé)gsq (ﬁﬂ@? gcég‘gl%g#[e%? The | ands
46 form a UEke iceatidnadfithe sereweforcas myemoobrmmws/tm&pgegmstﬁoaﬂ 37307 i nput
grooves 42 tind A I e between the
top of t tﬁgﬁrg&ﬂ%ng&{lﬁg ﬁOhEQ%etﬁibiﬁjafctEw@HF %f)lj()ﬁ%ﬁfh% %ﬁFﬂﬁg cyI i nder of
the mixi ngbee‘lveemﬂie tomst oftthe lanids A6 andithednside p&mhetyarneh &9 angd ptihrayeht he screw
shaft 23. P%g{p%}g}doggsgj the screw forces nolten polyner into the input-

‘grooves 42 0 m Xi ng el enent 40, over the top of the |ands 46 through
the clearance bAesoEdinsinan alipmalte qpRodigapiof ke HWH“t'E(We BEEOREESof t he

barrel 19. gRdagistod ﬂh@%u&ﬁ!ce $fhBe Qiikipy elePicO URY bé‘hrraAg@Dﬁt@n@gteaoan _
al ternat ive enbodi on t he

t he.i.nvent i on oV,
sur f acelf qlﬁéo%l‘?(lﬁéx’éloéwlme 6@%‘1‘&9&588&8{” alﬁor eﬁ(arnglet Q{Ld\% % he
rotational gsbeespbutphegrioxesnandahe inpds sepathtingehs mpengropwes fescxmarihe e, t he i nput -

grooves. oul il JERRNCSEn BAkAIDS,hA0tns SRCLAHCDG: S bRRIegERDVeS from the

.~ out put - groo roun e surface of e mxing elenent. .
- Accor di ng tzsccmtmgecp aaqvth@raiemaueeembe@mmmf e investipn.batidh ofthle wi dth of -

~-the input ; g 1% C&Bdﬂé%ﬁ%d&'ﬁ%fard ﬂwobeh%ﬂiarﬁpﬁﬁircﬁms and narrower
Ir cC ose and the out %roovgswépcan be made :

conpl en¥nt dpyatidgiriolesed epdy apd dheguippt g gikar &e r open ends and
narrower t Qyiglerh&thry ﬁlb@&ﬁ@ﬂzd@e am@wleerttheaidames opén erdsnndi n a -

substantial l'y = unifor engt Inth pp'ar at us -of
t he |nvent|[8ﬁm“ff’l'ié°\‘f"l"g]éw3158g’ ?‘}%ewﬁﬁ'ﬁ@mtl%% %%ma%fu?ge?@ ﬂ?iﬂlIgG and the
l.nterior surrﬁﬁem\oi‘dtﬁhiengndielnoimgjhrrel 19 is less than 0.5 mm = and nore

preferably is 'ﬁiﬁgt%ﬁn Fﬁp Bt S5 ggﬁcﬁ{étheta@agmﬁegwm‘g% {!,fow degree

~of clearance ge es a ree o _ It passes
over thz | dhd&nd§46 ahd ﬁlchnfghoewefgce efithe koo bamre 18riglass thag O Mpor t i ons’ of

the pol ynqnd%or%%‘?%fgﬁ%}) [eséﬁaaﬁelaerﬁﬁresutb@&maﬁbeshsﬂdshé%end t he

I nterior of the w barrel n ordef .to. preveqt overheatl ng, and .
- possi bl e pdolegmsofglagranga gensrates %}Héh fegreqpfedicargn the ROIYMEAS R8SYS 1 nt ai ned
‘at |ess thaﬂegtﬂe%hds%d mlﬁﬁﬂﬁlﬁfaﬁqﬁaﬂyhedueaﬁdhheesaﬂlpéﬂWOﬁﬂﬂ even nore

preferably llo )?nslertag%rr'e polymer is squeezéaff between the lands 46 and the interior of’ the
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.
" ¢learance and very thin land width makes it possrble to induce a very hrgh 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 _
' output 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
‘ _"‘drsclosed in Example 1, input grooves 42 and output grooves 44 each had a depth




~ clearance and very thin land width makes it possible to ind®¥2R@ry hi gh

degree of shear in the polyner for a very short period of tine. The short

duration ¥PY%AEH0 hi gh shear state prevents the pol yner fromsovenireating

-Preferably, (o

whi ch coul d ot gerwl se . cause tdmgradatlon of the polyners being m xed.
8

§ HpLndg Bk rrswhﬂséh%opsﬁ@a@lmfggmgmmam@ e t han

‘three tines aaddetapkraessbhomhlﬁahaﬂeqsastﬂ@eoaﬁe@stﬂe%ﬂ éﬂ{&ﬁzﬂs% barr el

19. It is ther ferr t hat the_input grooves 4 e ou put
grooves 44 be E Slldg &acfé)f%g%l?art H@%S@&EP than the thi ckness of the |ands
46. The input grodhessidr amd” bfmmmugphmewxedm&d%tlﬁe@@d}ﬁlcbﬁeﬁ@ééﬁ a depth
of fromlgo fir nu di onh the size of
t he screw F?}M&%&d%ghgﬂg&ggpgév%%anélglg %‘8 P?ﬁl@k@ﬁ%r@qg Ii‘ﬁﬁut grooves
42 and out puln figseasnatipbedby teutimesidp nhmberlvHiin0 Qo V. 08p:42diAB to

PCT/ US02/ 373 proferréd %mmtmt@f%%@n&? 81%: mn £ OAfeeﬁéhh%]l gé)alﬁglgea(:h | and

facing the barrel 19 had a thickness o Met ween

~ the top of t Heorperted o Higperepnis grantar daanguequal éo B5%tofihetfiow edoswas 0. 25 nm

 grooves. Accshedrmgabﬁeachlmaxpfg&ﬂc&mmﬁh grehadhieat eqabl thiig: fleWeRks-on, the shear
area of each nt o the screw.is greater than -
or equal to 9 A)é%#gf%e)%ﬁ%eo&vt%er%&gqms@gﬁ{ 6%&}6 Sgreanthy %\gae&}t }tmg‘ﬁaﬁ acent

The "shear ap&tiondlfarés YorviédnOhehGaRRE fightsdF QR bet vveen 5
t he Iand§9_46 and |ns?age of fhe (ﬁol [ow%larre V@&fr&j%‘l‘%l %@%ﬁr :

l ength (° ately BiigF 19 Pl tgg,nymg ?ﬁeFPégf tMercmysfseb Yothej nput

flights of t PRSSeSamanpdidiely pglar tehintdringchy mining lemasts eScchniimghioah@hpstpr i or t o

~entering t hepl‘%f&h’@ﬂ%nﬁ%@fﬁ%?ﬁ ofMB ifveRtigh ‘?ﬁ@meXr ar&?&eaéﬁ'gﬁter?sr §%1801T % Char ea

- m xing elenment ater -t han or equal
. bet ween l zgé’e‘%t[tﬁ?

OW CI OSS-

he 8d; PYHEesswectiqnal aez @WW?W Gaghiapdnt ightoofithescrewpasses
i-mredi at el y- fardugh Wlﬁctﬁ;ﬁﬁlﬁhbﬂﬂlssdéemiﬂeﬁiam%ﬁﬁ@ﬂ% Rhferi r?f 'i}% G{I]&n&ne most
edcC

€ snear ar m xer |sfrom

' f d di
e R Rl e R B SR A b SRRy e A Pt

flights of tgreatsuhmvthemughs-mnml prbYHIE miHag SReheh@ERE ndl @n¥rhi OF 1o

entering they ing a mxing element with a shear .
area that is ghﬁl tant 2 S‘i}htrate'%fft?éé"éévg greater than the flow

‘cross-setional dfba be@h@‘tﬂd%hafghfeﬂnmapmm ofdbe mwestonds affedtive. pol yrrer

thr oughput " rétief tRE sdrB® iSE8EMth 3@3& Volﬂﬂﬁuﬁ%ﬁ'ﬁﬁ%ﬁoﬂ réttbatcérlé&‘?rgg@l&% ng

~ apparatus of_the inventi.on

f-ective SCrew

vol umet ric . CBMPIEDESXBIESHgR P%)SIC aoHp thatdhesrrew sempresses ansquepres gsi on of the

- -anount that pohene cedinvdediprocseingOThs slefesi c%mﬁ?éssabﬁ%na ﬁ%ﬁé‘v&%

I
Do seren oM BRLkSy SPRRGAShaRa S binenlosie o e e ¢ o 20

_meteringSs ecmﬂtcjmgn‘ectubteoﬁhc suew! in praetide] for ,scf%@zs haﬁhgfwéoﬁs@dlﬂt ﬂﬁc}ﬁ tigONst ant

pitc h the' compression ratio can be calculated by the followmg s:mphﬁed equation:

. ' L depth of flight in feeding zone
e fio= L_L__g_g_)
, oxttprcssxor_l rate= (depth of ﬂlght in metermg zone)

| ~ ‘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 prlnc:tpals 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

ne with a low .




conmpression ratio can be cal cul ated by the following sinplifiNay28uation:

Conmpressmvamosraio® = (depth of flight in feeding zone) (qgjq{/[h'gﬂg,gni]lyl ght in
nmetering zone) H gh conpression screws generally used for crystalline or

~semi - cryst al tdsinds baindedlayomeltheRhghiodtife sirvesuh GRIMHLSRI:Qnk@ld 0 of greater
than about 2.5. St and% ﬁ}ogﬁp essng%nlscrews %i ch are generally used in
processi ng afSPPRoTY ARPE FIecew Wl PERIFeRekSn ratios of from about 1.8
to-2.5. Screws vm'f}lrelammgrmmaﬁumf the myemioafcah bsasddhamzia&laéfang@ﬁﬁi dered to
have a | ow c o] ri an _screw can be
desi gned accg&g%%g%gﬂ?@&g%dlp\?%sn?(lhg%ivlém SJIS%FF%H?% PS%JBI fcation No. WO
9/ 56937 and eusdmgimadpreqr in n@mm?@bymridmemadnbesu@ asppegeagnibivded. | n
such screws, mblighaTRschifd, OMheQlerddOla4 MBEn i%u%ii{) %ﬁ&?ﬁn%ﬁg 19%%{9?&%1%&11

PCT/ US02137307 resin is, bal anced al on SCrew su%h t hat
there is a cBdpssion meldmg blendsof muliy ﬁBO ﬁ’Wész thedmsatiophasdser e peaks.
The mi xi ng aifipgratddusitoh sérew Ham{lgminb Sdtewand bfe MSEfly Elfén{éh?(t}ﬁe sebysbeofr ange  of

pol ynmers an i vent e screw ed in an 5
D et bR BT ARl e P AR b oo T Rt S5, 20 o
bl ow nolodi reg desribidiabovEher acappurahahatieg twd ommdretsmcbecreﬁpe%ﬂblt})e useful for

~ext rudi ng n; i ti Wil e the
i nvention h§§ ggirllﬁgstq)%ﬁsl{ﬁ?égg [e_cgq_l\}mﬁ-{eﬁiggf%)s{{ggrfeav%% ee‘{‘(/ll%ry mg eytire ®and one
m xi ng el emsaepe atiike Br@mélm&nthmgclpd@wrewhﬂwemgmom tharcbuedfighta screw havi ng

two or nore of th%e%%nﬂgn?éﬁﬁﬁé}llﬁusmteﬁ%gq@éﬁﬁlb @ﬂﬁl? s, The@n apparat us

havi ng two or nore S;D SCrews I nvention been illustrated
in the cont &Xemples areder ystiative pyrnopes only ytare pofdnteadestie lismit thee present

i nvention i ngleddes ModiGERWnheT\dead iR thitRvitidat dédaetite frdithe SQYSNt i on s
further |IIu? ated bX the followi ng exanples. The exanples are for

illustrativée 8%nly and are not intended to limt the 15 invention.
Modi fication of det ail may be made wi thout departing fromthe scope of the
i nvention. EXAVMPLES EXAMPLE | AND COVPARATI VE EXAMPLE 2 20 In Exanple 1, a

screw according to the invention V\@m@gﬁEgnd was used to injection nold a

pol yacet al thernoplastic resi n tal resin was introduced into
- ;BguI egdlt 2942212? I'I'Eet Wet al r eS| n vvaAm@I ri n)((“l&)?‘)r?{)% g d;aggf ;gce?];l from
resin cogpoundedyEkimpieauta s'c%upﬁ/ccﬂﬁl fo BREARANASE B naa ﬁﬁH lagers and 25
| ubricating ent.s, havin i point of 177C (I SO 3146 met hod C2) and
a nelt fl o%se%aﬂ) éﬂJS?tI%ﬂg%ﬂ)P‘?FW @gﬁ"&ﬁﬁ%ﬁ r@eehﬁhaa‘élgaqe abpssHa) ot a

introduced into the feeding zone in the form of granular pellets having a diameter

of from about 2 to 4 mm. The polyacetal resin was Delrin® 500 P, a polyacetal

o resin compounded with about 1% by weight added thermal stabilizers and
25  lubricating agents, having a melting point of 177°C (ISO 3146 method C2) and a

melt flow rate of 15 g/10 min by standard techniques (ISO 1133) ata

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




- tenperature of 190C with a 2.16 Kg wei ght, and which is avaii¥Ma%9romE.

~I.  du Pont de Nenours and Conpany (DuPont) of WI m ngton, Delaware, U S. A
The 'screW@3/fé3Mpl e 1 had a feeding zone, a conpression PER&ISIZ4IdTa 30
nmetering zone, and it _had a | ow volunetric conpression ratio as discl osed
in PCT ~Publ ugedktodncsipngopkighasamerprlyacetabibermpeniishisresines warvused i ng el enent -
as descri be@xgﬁg}éel.vm th regard to Figures 3 and 4. The m xing el ement was
| ocated at the beginning of the netering zone where the_conpression zone
neets the neteri H%eﬁ‘t‘fﬁ‘é’? u3gddn E‘?AL@“‘E@%paéﬁtﬂ‘fer%}a?%?zﬁﬁgﬂedi ng st eel
Wi th a har dnésisovifig dmdhdionRA and the di nensions set forth below In
. Conparatiye Exanple. 2, a screw was nmade |ike the screw of Exanple 1,
~except that it did not include a mxing elenent, and this screw was 8 2 May
2006 WD 03/ 043798 PCT/ US02/ 37307 used to ibxamptd bn no(@MMEYame pol yacet al
thernmopl astic resin as was used in Exanple 1. The scEssmplesed in Exanple 1
and Conparative Exan®b® deanhaer the - fol | owizpgnudi mensi ongmme Exanple |
Conparative Exanple 2 Scr.ew di ter, 30 30 mm Coppression ratio
(volune) 1.55 1.55 Bﬁeﬁﬂ@?&ﬂg‘%ﬁm‘“’bht rch  Fl igh?géepth Fl ow
cross-sectional Area M xing Element Nunber of Lands <Land length (L) Land
wdth (at top) d 7 %gggnzélﬁgnd t ops barrel_ To'; al Shear Ar ea 42 _mn 42

mn 2.6 nm.-2.6 nmm 92.0 mMm®2 -
Flight Pitch 42lmm 42 mi
. Flight Depth - .+~ 2.6mm 2.6 mm

Flow cross-sectional Area  92.0 mm’ - 92,0 ‘mmz

Mixing Element o e .
Number of Lands g8 .

Land length (L) ' 50mm . - -
- Land width (attop) . .  07Mm .-
Clearance (land tops —barrel) - 0.25mm -

Total Shear Area _ 100mm® . . —_:

Shear Areanctcring_ Are_a (%) 1‘0'4'% -

o ~Inboth Example 1 and Co_rr_lparat_ivé_EXafnpie 2, ﬂle'-scfew was used in an
1inj eétio_n molding machine haviﬁg a 150 ton gla:i_lping_ force and equipped with a
30 mm diametef bairel. The barrel was co:_i.nected toa tﬁo cavity mo'ld tool
10  havinga volume.of'_ aboﬁf 400m3 A moldi_ng_l 6Yclé ﬁﬁie of aﬁoﬁt 1 minute was
~ wsed. During each cydle, the scréw was turned for about 4 seconds at a rate of
© 190 rpm to move mblten' polymer into an accumulator portion of the barrel
. located between the end of the screw and the mold _cavit&. ‘The screw was then
" advanced over a 6.7 ¢m stroke so a_é'to inject the accumulated palymer into the
.15 mold cavity. The polymer was allowed to"crystalﬁze 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 temperafﬁfc
. 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 températuré of the polymer coming éut of the
‘screw was less than 2° C greater than the barrel temperature, which demonstrates




In both Exanple 1 and Conparative Exanple 2, the screw was (R¥#3%6an
i njection nolding nachi ne having a 150 ton cI anpi ng force and g‘aw pped with
a 30. WAWA*EEer barrel. The barrel was connect ed to FEUBSEAHYy nol d

tool 10 having a vol unme of about.. 40 cycle tinme of about 1
monute was thag@amlmg.pﬁgce%sa%w%% ag@lﬂeﬂ%é aﬁggﬁ%%ﬁw@a Peif ot 4
seconds at ol @rx@;fmgeﬁnfenﬂwta@ugmmﬁmhplen pol ymer into an accunul at or

portion of the |.oca enthe en of 5 esce and.the nold
cavity. The scr 2@%58 ng-shag e& g&@‘z%% %ereénjg molded 5’1(@l E‘% 0 §IWo i nj ect

t he accurrulmbhﬁoolcﬂtylmonfabmzttohemb&dmpbpbr@tmnpeynnfﬁhte pbt yemsile bs al | owed to -
crystalld 2ewbil g dilboihe bs ggzta&madtégl IBRERBETBEhPYAN al Ne_ Ol ded

article was' T e églgevvas repeated. The
t ot al screwesmppdmomtbotvk@/wmmlmw@leapéﬁm keDugpgeadt at 200C in

the feedi nggRRE opeldifon! theltli@i wehift %eéﬂ%olﬁﬁ@hﬁéﬁ&fok&téﬂ%ﬂ@mt ering
zone and accumulator sect]on he t erature of th set at o
90C.,. In Ex%ﬂ%h%lstlngﬁF{éﬂ}W&#MQWEEOQWQT%WFR%PG@SWL}@T%Eﬂ{‘}f the screw
was Iess t hapldeatgr eat er than the barrel tenperature, which denpnstrates 2
~ Nay 2006 WD 03/0Q,.13798, PCT/ US{})IZI 37%87 1tlhat the m ng} %{e fﬁ S, caused little

" additioffal heat i K 6RSIeRErSIBPITRR Witk %%”Hwef%f&ﬁ@?{“ X1 3 el ement was -
used in Exatmmb téstm@(agedndmg{cs[ﬂ@éa?-ﬂeﬁm imechars¢al beopsrties péthengstat i on nol ded
in-the two VI Wb as SLool at .a rate of about one nol di ng operation per.

m nut e. The BRI ars 5 were prepared according to 1SO 294, and had .

total length of 16.6 cmwith a restricted portion that was 8 cmlong, 1 cm
wide and 4 nmthick.. During each noldi pgagpienati oiompdretiveur ni ng screw -~ -
first dosed the polymer melt before stopping and thExm;jlag 6.7.cminan : -
axially directio der .to_force the dgp,l d cavity. 10 Ten
~tensile bars nol g@ bﬁﬁtﬁengghha‘éeéarggw vvere%r)g%’ on y sel ®cfed for tensile -
“testing accordi ngMednlisSOnERaEel. The nmechahiGral propkdGPas of the tested

bars were as foll LCARRALAL | ¥¢uExanpl e B Jensile Strength - _
. average72 Mpa69 r@gﬁ%@?ﬂ@ i?(kaver age . X@/aaS 3 G%ZayEl ongation at Break -~
M ni M0 922% ElFdngatipwat Bicalpr apmumex i hv1 9%6298%ongat i on at Break -

' average58 0 %48. E%xﬂg?t:&h@t%ﬁ@l-%{fﬁﬁgé’ of sg.be,resul t4gpe, t he el ongation.at
break i's good i ndi of the hom)genelty of the- polyrrer mslt t hat- was -

" used-to meke the bar. It can be"

15 The con51stency of the result for the elongation at break is good mdlcator
- of the homogeneity of the polymer melt that was used to make the bar. It can be
“seen that the minimum elongatlon 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 con31stency obtained with the screw
20 -' ~of the mvcntlon was not aclueved at a cost of degradatlon of the polymer WhJCh
| : would have reduced the tensﬂc 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 descnbcd above in
25 Example 1, was used in the injection molding machme of Example 1to m]ectlon
. mold polyacetal therrnoplastlc 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 darectly to the injection moldmg
screw. without a pnor pre- compoundmg operation. In Comparatwe Example 3,
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" seen that the mininumelongation was 18 %greater for the ba#¥8& with
the screw of the invention than for the bars nmade with the screw of
Conpar at iWe 03/82tpl e 2. |t can be seen that the increasedPCDHHSIRITAITCY
obtained with the screw 20 of the invention was not achi eved at a cost of
‘degradat i on d#e mipstigpmpliing warkine usedun Exmlés3éﬂ@lé6@3ﬁlh@i todniitian strength
of the test bangmeEdNRleESmpofientANh h\{j%tﬁ%é%?évﬁuégg%éxﬁﬁeaﬁp' e 3 and

4, ascrewvvlthamxmg el enent, as deSCI bed above in le 1, was

used in the PHE¥AECOMARRAtYE FFampiad Widyditnatiprlade ammﬁje&m%n mol d

pol'yacetal ther nopd Bgirhsle “esidC@aiipate Bxempled, tdlsabRl fofmWsatl i on, but
t hat vvere mtr&%uceghl nto, the feedi n%&sfgctl n of. the screw in different

f or ns. YlEph BRI R 18 PR MR aRetveragt e- conpounded
in a separ atlanetarpd 0124 img andergatssian duibatidn@fipagtedd digs rafdicd figm | n Exanpl e
4, the 30 COBE)%%HHE O%EJ r}u%e ﬁ%ﬁ?ﬁ%’taﬁah&@r mrlgbljl&hflg‘digﬁﬁ%mdﬁ é)%RNd%f to the

i'njection nol Screw W th ratron. I.n
Conpar at i ve @(amm:r@ ngxed yith thmpolzmel mrd&/ammppe‘rww@@zmv@)? the

i nj ection molgiing bike 'EH REmMURES et ﬁf@ghﬁ?&ea%@ aBolka8, HhRd thdmbi €ction

nol d t he rrultl‘g)iie Co ent resin of but the screw used was 't he
- screw of 'onpapiigery anElbRRsttEeAeRSi ch di d not include a mxing elenent. In

Exiempl e 4 ﬁnfj COﬂDﬁ]Eh )&Imple3Et)halﬂhﬂrﬁoﬁlastt&wmﬂ]?keﬂaﬁ&tlaélnﬁ@ﬂﬂm M@Sysetad

pol yoxynet y ene ormof mc aver age
O T e AR T A R A DA
from 0.06 nmatght &dds0 themmallhalyiliedrs siddbbiidariag agentng ahdibhichat awvdglablgent s i n

| “fine powder g B&rénIWIeoﬂpd?%%:quu&p#dk@mlgﬁ gﬁﬁﬁﬁt){)‘? 1%?%&93 Ibélaxﬁ%‘arh"pper

Wwith a rotatin m X1 n conpri Sed of about
" 1% added % hebraf- i@l@ra@omQEm@dam W@ﬂ)mltbefqnmglf@mwag pellcts Bxednphe 3, the

t her mopl ast i &afn%ﬁ:k of H&%‘&bﬁ@@ 10%4 fuinf) ahd 1t519@a %a@tﬂlgy&ﬁﬁttcﬁ* 1775(E§I’S@3 136

pol yoxynet hyl ene p pre-compounded w bout wei ght added -
Pher mal ot abTFIbRALD) ae PRk e léggém@ln%ﬁf%ﬁrﬁmch@qa‘?ﬁa{ﬁ%bl o fromE
|. du Pont dBIMEwrempafm@mm ﬁ/iﬂuE’Qms)Kg)‘fvel@M rétompet: & 15

U. S. A Thi f I ts h '

S ey B S SRRB A BB B8 A e it 2t A R 377

~ (1'SO 314@ . nEbgle screR pokymokraxraddr. f[hepolm;t;en@lﬁyldrﬁ: Igﬁﬂ@ohynmrb&nbsﬁa&ndard . .

~ techni ques ditﬁ% e}&a%ﬁehuﬂﬁc% %% é{?,%ﬂ ¢ LoRGoMiblofr fmlfle K4epe Oht . The
ng o) e stabafFi zers Was :

pre-conpoun ricating agents onein a
convent i onal theagpeps hesawged in E@a@plﬁélaéd Somparapue Frempled, eodithese The

-pol yoxymet hy¢iRnbeERe MRnt i 8&aB¢ proportions 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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stabilizers and | ubricating agent s present in the conpositi oAM®f2%&anple 3
were the sane as those used in Exanple 4 and Corrparatlve Example_ 5, and
these WOIPOAERt s were present in the sane proportlons |rF11"f[nQé' 31307

pr e- conpounded ositi of e used in Exa 4 and
Conpar ative 25 E@i‘%ﬂ?l 309@ ééxﬁm%@%xﬁ{r_‘p l?%ﬁ’:l é(Yﬁ%I e 5. the
resins wer esetﬂJE)OP(lj(ﬁrmherfeécﬂ@glzwd neEa mld)eerﬁinhlﬁmsmlzﬁbnagmﬁmmmm having a. .
150 ton cI geforce aéj glu!51 eS(ejct\{(\g l%g;n@ ter (*)arrecl The

barr el was o2 IS o | Pe S HPARE 3“\% AR5 40 cnB.
A ol di ng catGDEC.t Imeacbfexabpief the tampﬂnaterefiﬂ tlwalsolusachonﬁug pugpfelach cycle, the

screw was tarned. %as Bt Ocd% qngﬁhg%?ﬁemgﬁg rg Oca‘%ﬂ@sﬁ})&n&r&eye mol ten

pol ynmer "I nt'o an accunu ion o etween the end

. of the scr ethatdh@nmzhegmc&swmdwtﬂ%@%@méhﬁm ﬁﬂmolwvm@weaver a 6.7

cm stroke S\Qhéi‘ﬁhéanlﬂg%&?mén'@%a@ﬁé‘ddfiy'Eﬂ&ﬁﬂleﬁ’Q'anHW into the nold cavity.
The pol ymer was al |l to cry ial liize in the for about 35 55

seconds before tPRs H?)‘I‘ed%hfpﬁq E@P%‘ eeteﬁfilzli’é’*'sr"é%\‘fgﬁaﬁﬁ‘mqeaé“ oLt y and t he
cycl e was rpidassdt a Tie of abdlt oSEmeIRintbyiudti dnpeExdnigit. e$h6tenﬂletmmi

o ICD:OCW ?Jrsog)ll g%@%% L’%leﬁﬁ?féggg %géﬁ a&é#ﬁ‘i I\@ e@%ﬁgng?%‘éoﬁg e barrel
t enper at ur gestdeted pettioatt@G0@si dert gl ke wide 20hd m2 1ifick.i n t he conpression
zone, and 215C by dl\GICHRISHLAMd $ANRaANLraE GHIBAEANIY SEREER fbr The

.-tenperature of t exa tenperature

- of the pol }mlewﬁﬂﬁgcmmﬁio 13es @kcﬁWﬂ%@ﬂm §f0ﬂ3ﬁléﬁsﬂf3h§|“§&1der than the -
barrel. temarabdkes v denpnstrates that the mixi ng process caused

~little additional heating of the polymer nelt even when the mxing el enent -

" was used in Exarrpl es 3 and 4. Dog bone-shaped tensil e -test bars were

~ injected nolded in the two cavity . nBkanpledl aExamplate dfompdix Sone nol-di ng
- operation p I nute. .The tensile b to wer par e rd|ngto | SO
294, and hagre{’%ftegllﬁei“g%_tﬁv%?gcl& 6 cﬁ?z\?\mpﬁ‘ a re?t&{?%t ed gkgragtcllefgn that was 8

eml ong, 1 Mod»ahtkeamlagt rrm t hi ck Tba(ipanm | e3.8&iF nol deGRat h each screw

- were rando {1 ng acgpsding to I.>§O 527-1. The
mechani cal mgor% %t?grg the ested ‘Lﬁer V\ereﬁgé follows: 15 Exanpl e

. 3Exarrp| e 40@@1.%%1@@1 a@fﬂdﬁsmaéﬂ@émengﬁn a averafe? Mpa, BF % vPa
EIongatmn at Break —average - 51.0% - 58.7% 433 %

~ The consistency of the result for the eloﬁgation at break is good indicator .
of the homog.eneity of the polymer melt that was used to make the bar. It can be
seen that with the screw of the present invention, the minimum elongation 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.




72 MPa Modul us - average3.3 Gpa3.3 GPa3.1 GPa Elongation at BM3aK08

m ni numd49%40%18% El ongati on at Break - maxi nunb5 %1 9%%3. 5% El ongati on at
_ Break - aV&YfeH80 9B8. 7943. 3% The consi stency of the re®GNUsHYB730he

el ongation at_break .is good indicator . of the honpgeneity . of the pol ymer
melt that wast G HGMYEROD, e mephanicql propertiss weswlower iapcoidlvrihe he screw of
the present iavespt clongationeo break AuBtELERGRH P AnhiXed pheicRY i SrepOMpounded

conposi tion (.Exanpl. was, hot reduced,si.gni ficant]y when the conpounding.
otepwas ol rmeaBia e EReDHs Sonroteth Sonbe Sehddh o Hnestpncs L he
i nj ection nolieagios teenol{ekatiple enate dirkiolyefvan a rodpbrmix Sfpoducathl euhala

m xi ng el e C Gt Qs i aventi.on.. ed i argtive Exanple 5
and t he s:i}sma %g%@p?%ﬁge%{tdggbm%é}telhg g%éngsl 1r§g%l{sfagm%@?tthﬁgarﬁ%fsgtg%o%fﬁnﬂg?%i. ng screw,
the 25 mi ni manideongd fron ps-compaindabpelletssd dhaspmemompbbiinn20% |t can be .
seen that the increased consistency is obtained with the screw of the
i nvention even when the "conponents of . a resin fornmulation are not
conpounded in, advance. An advantage of injection nolding directly from
i ndi vi dual conponents is that a separate extrusion conpoundi ng operation
~is not needed to conbine all of 30 the conmponents of the formnulation of
the resin. The conpounding is done in the injecti.on nolding unit. This
process produces nolded articles with mechanical properties equivalent -to
what can be produced using pre-conpounded resins. 12 2 May 2006,
- PCT/ US02/ 37307 Prior to this inventi-on, the nechanical properties were
| ower, especially the average elongation to break due to unnelted or -
unm xed particles that were injected into the tensile bars. Surprisingly,
it can be seen that the elongation to break for the nolded article nmade
dirtectly froma rough nmx of polyacetal, thermal 5 stabilizers and :
" lubricating agents is substanti-ally the sane as that of nolded articles -
- made from pre-conpounded pel |l ets of the same conposition. WO 03/0-43798 2
May 2006 WO (13/4143798 PCT/11S(12/37307 W claim ‘1. An-apparatus for
extruding -a polymer- nel.t conprising: . a barrel having a holl ow space
therein wi-th substantially round cross section ‘and a | ongitudinal axis,"
sai d barrel hollow space having an inside surface, 5 a screw rotatably.
mounted in the barrel hollow space, said screw being. - ..~ =~
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nount ed coaxi ally with the longitudinal axis of the barrel, AM¥M %P space,
sai d sWeNHBWSted for transmitting a polymer materi al ?ﬁT’%@‘r’@We barrel
hol | ow space froman inlet end of the barrel hollow space to an outlet end
of the barrel hollow space when the screwis rotated, sai.d screw having a
screw shaft Wa@l#My 10 thread spirally extending around the screw shaft so
as to forma plurality of flights, said screw having a zone through which

mel t ed pol yner i, sAﬁgpgﬁmglfortda&usi@ge\ponm@rmgelecdxﬂnprmng' 0ss-sect-i onal area

bet ween adj acent | screw t ha h hei ght

that the screw 4 M égaﬂf‘g?ﬁ?gh‘&‘ﬁ Sg%cgﬁﬁerf"llnl %11% éu%s%%ﬁha’égﬁ%ol\%g%%{egicr ew

shaft nul ti pid £ldnfiyudited anisgdaind bea‘ralvhe}inomdpmélnmglan gkmdﬁ sutfacgai d screw

navi ng- a por ti o, i), bi b 88 Hh oL WBIGD PRL! ol RaLY BBing S conveyed
rew t r

whi ch scTew. por read a ere the sCrew shaft
forms a mi xmngnted egnxinllyieith thg lengitudingt axdnef @Pbéeeléellpwma% §H€ inlet end of

: Ee bgr rel | uRATS: @d}ﬂmﬁﬂngﬂtpb%e?%téﬂag eEbEth th@%ﬁ‘éi Hgnewout | et henddof
surface. ext#HER ﬁﬁ%ﬁ%@te it Burel NG ShaRe 1o & ORlgtend B fethntle sor o
arom Shaped si{ ace. Pare B O o o or oove.
openi ng§’ at thqad S?l Xé‘?{@‘ a%t)‘ﬂgj tﬁ?g?rﬁ‘ﬁ @T“Jé}r{'% t‘ﬁg ﬁ%ﬁ%u %gr ooves 25

t er mi nat i ngflightsosail soem havxgg t Benethrdugh vérich mfeltempalymm ingomveyedint , said
drum shaped s urti]@ Gedl vm aq‘]o‘&! (l:i"(’)?é dcMort tb@H{(eeP gﬁkféift ﬂi’%lts bi@e

drum shaped surTtace ex ‘generally axl a r-ect.1on vmth groove
~openi ngs atsctdvethausqutlalém&led“&dlﬁﬁlﬂlghtﬂil&ﬁ@i%ﬂceq%ﬂlﬁadﬁlt@ wlirgsot flighisooves

L er m nat i NG BGHORELCAAE Nrid shitPmbilfied 89 theidtBetioai AGahemehts, 30 sal.d

plurality out put grooves erna sal | nput
grooveslsuch t rﬁald seEavahavARE P‘&'HH“B‘G%WU&”&PB%%%“ r lg]b # 6%8 th each
ot her over igcpgke éd)ﬁhi}jl skR& 16@@@1&1‘011*. iil@crawxiuegd sidwhat thd ande ext endi ng

bet ween sai roove nd ,out i nput

gr ooves frcﬁ%ﬁég‘g ‘aF 8'361’3“ dﬁéﬁerc Clagéweagﬁéﬁﬁ gﬁ@o?

subst ant i almybﬁfﬁmbllbw spie ahélagbhﬂeifendldaectod]tovgmb&@ et énshpidhe he adj acent
i nput and qut aving a top surface

ext endi ng eré% th pafaé, Sﬁﬁqﬁ ng?lﬁﬂ%ﬂ gg&g%‘ﬁl ckness between the 14 2 My
2006 \iD 03/ 0- 43798 mp@emceﬁﬁmﬂlneﬁwmﬂewe@ﬁmwléf | ess than 2

mm each said t%aﬁ‘# ﬂﬁ h I lﬁﬂ | ands extendi ng toward but not touchi ng
e ho o

the inside surface o rrel , the, clearance between each'to
surface of said | andsaihirumnsh uatgcc having a pluralgy o?ﬂlput grooves on hié . P

drum- shaped surface extendlng in a génerally axial direction with groovc
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 eaeh 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
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surface of the barrel hollow space being less than 0.5 nm 5 ¥R n there
i s al and wosanseeti onal shear area corresponding to eackedrasdysisat is
equal to length of the land nultiplied by the clearance between the top
surface of the | anihpahahd dutpitpsiobes sfiedsahan Dinni, leactbsuid ®ip sutfade gfsaigpace, and

the summation of the.l - i shear .. areas.for.al f the | ands
of the m xing el engur.ﬁj4 ?’Qgrbaﬁléé@zvrﬁfﬁgﬁggéh%%lﬁﬁetl%ﬁme Offgebﬁi Flow
cross-sectional -ar bardbethoelepran¢rcbetvipeacach toplshgienishidtlmelssiod 8w insitle ough

‘whi ch pol yner passﬁgfakggpglmﬂﬁ%ﬁg%ogﬁg&?a&qje?&tlggsit?:g%%g?rrrgjnxi ng elenent. 2.

The apparatus of claiml erein_th unmat ron o d cross 15
sectional Shear areas fWwhetginthee iy langd sipsssestional shear GeagouPPRBHRE IS gr eat er

tgan O'rt feﬁ_ualhtto ?&?%@Mthﬁth@eﬁdaﬁw 1eﬁ%§§fﬁ]@¢§ddq?ﬂkipﬁé@@&%m_ ﬂcéd _het v
adj acen ights o e .screw thro i ch pal yoer pass ' iately
prior. to entering pe{wesH e ieps a@%@#ﬁ‘? lagaa@‘?th?ﬂ ‘g&ﬁi’gaﬁ?ﬁgé’ﬁ#’-a%ai ml -
wher ei n t he summuathalowoipaté)and drduanhesion of thetlindnabssesetionabsteasartar al | of
t he | ands of the n}Xxim I t oisS 0% .a % Rof | oW
cross-secti onal ~aﬁé’§“ﬁ§? %gﬁﬁ{gﬁgmac J%%ngﬁe’?&?%h?bﬁér gﬁgﬂh%‘ﬁ%g@@r%\%@%&?tgugh

whi ch pol fiver” passtbs flowrmselissseetionabarcobetweensthe edjncapt flightnofithaserevel ement .

25 4. The apparat ‘#ﬁro%@h%ﬁéliﬁ@yﬂ&eﬂa%cﬁ‘hﬁﬁ%diﬁééf?]ﬂ%dr@&e&@:ﬁﬁ@ﬁehﬂ%g?r053'
sectional shear. areas for all of the [ands of "the m xing el enent is greater
than or . -equal to @¥2%lof the flow cross-sectional. area between the

adj acent flights of the screw through which polyner passes i mediately

prior to entering, the m Xi Q el nt. 5. The paratys- pof claim1l
wher ei n each to‘p%s aﬁPB‘f"IBP"gPﬁﬁ]a}néE@eE% gﬁ&t“ﬁa’aﬁgﬁ&%ﬁ@ﬂﬁ “8F t he | ands
have a ‘t hisck rsestonabshemeamredshior alhpfithe tands ofthp niixigy elevent fgredpetthemeny 0. 2 nm
and 1.4 mm i+Bnd C r e b , ) surf sai d .
| ands and t‘h}r&ﬁzﬁlzt-?&ga é’ﬁotr} aec%&gf: [%P %gwﬁgéﬁgﬁgﬁgﬁfeg&%gep%@%wﬁéﬁgﬂg £ ﬁ@-er ange of
0.1 nmmto 0. 3crem throughSvhich\polynoqesseoirogediaBhosiOT caisiny 8P30Fg. The
apparatus of glaim 1 wherein the screw zone through which nmolten polymer
is conveyed includes a nmetering zone proximate the outl'et end of the '
barrel and the mixing element is located wi thin said netering zone.

© 20 . 3., Theapparatus of claim 1 wherein the summation of the lsnd ¢ross- =~

' s_é‘ctional shear areas for all of the lands of the mixing élet_ncn_t is between 100%
and 120% of the flow ¢ross—3¢ci-i0nal area between the adjacent flights of ther :
screw through whiéh_polymer passes immediately prior to entering the mixing
“element. o
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 adjacér_xt flights of the.
- sére_w through which polymer passes immediately prior to entering the mixing

30 element.

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




- 7. The apparat us of claim6 wherein the neteri ng zone has opp¥aI2086ends,
and there is a nidpoint between the opposite ends of the neteri nﬂ zone and
the . M%HY EPenent is located between said nidpoint afd/PHE3EAT of the
nmetering zone irected to 1 inlet end of the barrel hollow space. 10 ~
.8.. The appar aguiﬁﬁ?p@rﬁ?%@fq%‘ehf‘é’k‘ﬁm{rh@e ﬁ‘?@?"ﬁ@“‘é&éﬂ‘ﬁ?ﬁ‘twhlﬁh Prdgi mat e t he
end of the pelyarr dgorenied dicheles athdtarwarzbnt beoximbte theomdlepénd dfahbarrel hol | ow

space. 9. TB&T@%R@%@IH%@%%&%%”@@ﬁ%g@?ﬁ@nstarf?ﬁfe\éﬁew has a feeding zone and

a conpression zone, a eratio o Veriitte of a-flight in-the
. feeding 15 zone to the volune of a flight in the netering zone is |ess

than 1.8 10. The oL, | ai ..l a! L X ‘ t includes
at | east tvhreeﬁ-'i %@roov%@%%ﬂgkﬁ%g;@fgh{%ﬁg Qgﬁ%utd%?)gga\?ﬁa?’ 20 11. The
- apparatus ofndibgierds a uidpuntdicivesndhapnposie endsipd the meferipgieeneanditeast  five

i nput  gr oovRsxiAg dledent 18 AsdatclibetyRH R BPSAY 8 thd end I'Ee ARBE AR Of Cl ai m
1 wherein the ho)]low s ac{aﬂof tEeqeﬁ%;rrel' {os cylindrically shaped. 25 13.
The appar at $hEessgd eWaidhe migtend oht shbdioxt tReCe-s part of “a pol yner .
“extruder. 14. The apparatus of claim1l wherein the apparatus is the polyne
extrude

30 of an.injection ol di machjne. .15 . The, appar.at of claim6 |
oher ot po o ST ThE SR B a2 el el BREGRGRIE! 1 P
m.xi ng el engntofitke inetcang dore ditdeted dewhdithemiet ofid phidie bawtidiilloy speee. 35 16

9. The apparatus of claim 6 wherein the screw has a feeding zone and a
~ compression zone, and wherein the ratio of'the volume of a flight in the feeding =~
15 _ zone to the volume of a flight in the metering zone is less than 1.8.

| 10. The apparatus of claim 1 wherein the mixing element includes-at least
three input grooves and at least three out_puf grooves. '

20 "~ 11. The apparatus of claim 10 wherein the mixing element includes at least
- five input grooves and at least five cutput grooves. .

+.12. The apparatus of claim 1 wherein the hollow space of the barrel is _

cylindrically shaped. -

25 7 _ o

~13. The apparatus of claim 1 wherein the apparatus is part of a polymer
extruder. : ST - :

14. The apparatus of claim 1 wherein the apparatus-is the polymer 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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