- e3e(: (}667$848t:6: T: S{@ June 2003 WD 00/ 34027 PCTI US99124397une 004z E
EXTRUDER SCREW FOR EFFI Cl ENT BLENDI NG OF | MM SCI BLE POLYMERI C MATERI ALS
«BACKGROUND ANRoRGa4pEED ART FI ELD OF THE | NVENTI ON Thi s i nventigirnsloains to
extruders of the type which enploy single screws to mx nmaterial to be
extruded. Specifically this invention relates to the use of specific
patterns’ of undercut barriers to increase interfacial area 5 between
material elenents and heat/ nmass transfefls to achieve greater distributive
and di sper si M CRI PTI ON OF THE RELATED ART Singl e screw
extruders aré\wm“m in the plastics industry as m xers and punps. The
si npl est desi gn cQheists of a screw, which rotates ~ o inside a close
fitting cylindri caI barrel. The screw typically includes a feed section, a
transition secti metering section. Virtually all studies of single
screw extrud H‘“Hﬂ‘m@ﬂ\ﬂ on the unwound representation of the screw
channel . Ref ure 1 the relative notion of the screw and the
barrel ' appears*&86% pI ate which noves diagonally on top of the channel in
the | s direction of the arrow marked "v" . The fluid flow in the channel
can be deconposed into two conponents, nanely, a cross flowin the x 1- x z
pl ane and an axial flow > n the x a direction. The axial flow punps the

material s for\qgglrng B @cal.ﬁ@ ﬁf&%&hﬁ@c&éﬁmﬁs&%?ﬁ%@k%ﬁﬁ%i al .

However, depen arac erlstlcs 0 mat er | e mxing in
such a prior art 2 June 2003 WO 00l 34027 :
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BACKGROUND AND RELATED ART
FIELD OF THE INVENTION
This invention relates to extruders of the type which employ single
screws to mix material to be extruded. Specifically this invention relates to
the use of specific patterns of undercut barriers to increase interfacial area
5 between material elements and heat/mass transfers to achieve greater
distributive and dispersive mixing.
DESCRIPTION OF THE RELATED ART
Single screw extruders are widely used in the plastics industry as
mixers and pumps. The simplest design consists of a screw, which rotates
10 inside a close fitting cvlindrical barrel. The screw typically includes a feed
section, a transition section, and a metering section. Virtually all studies of
single screw extruders are based on the unwound representation of the screw
channel. Referring to Figure 1 the relative motion of the screw and the barrel
appears as a plate which moves diagonally on top of the channel in the
15 direction of the arrow marked “v”. The fluid flow in the channel can be
decomposed into two components, namely, a cross flow in the x1- x 2 plane
and an axial flow in the x 3 direction. The axial flow pumps the materials
forward through the screw and the cross flow mixes the material. However,

depending on the characteristics of the material the mixing in such a prior art




screw i s poor. PCT/US99/24307 Wth respect to Fig 2 typically2Juned0ddng
section such as a Maddock mixing section) a pin mxing section, a pineapple
m Xi ng sectiWA00348ri ster ring, and so on) is added to the scPEWUS§H/24307
increase its dispersive and/ or distributive s mxing capability. However,
these m xing sections are typically relatively short conpared to the I ength
of the screw. The screw section responsible for mxing is typically
characterized by its closeness to the outer barrel to generate the high
shear stress required for a dispersive mxing (e.g., Maddock section and
blister ri ng)scr@Wibgao@rJ arge nunber of small units affixed-on the ~ o root
of the screw for a distributive mxing ée. g. pin and pineapple m xing
sections). Anot her With oespect tfig hgvpicabyy, a mhixingssertien sudr ang Maddtesi gned
based on the sqgljd nmelt distrihution as it js copveyed down the petering
section. The BH¥FBSHECEERAPHATIXNG LREANA BINSARR 188 58Tt ArR3ISteriRgn

wdth of tho HARaerjLAdQd BPRRIELGY dinRadt WA Cba R ) o it

Initially, 3snfifing@iapabildf! HOwEPed, thdsBeni®hd s@@WInsiase BHSHBAY rdlagvdihe
narrow nmelt chann€l. The nelt channel grows Targer as nore nelt is

col | ect ed. Theh®arcontparedteile (engielof theasBew: THE Brew isesticsvrasmponsible for |
(manuf actured hy, Robert, ggrr | ncor por at ed oI \ﬁr(‘ﬁ%i ni Beacl;hj zq VA.) is

clai med to halPEXiBg B5yBisesly charact 1ts grasep 6aéﬁemlsar TH el lets |
with fresh ne | Of: ar Ifd I : . | I WO
equal width ng%%fé‘fé;fﬂseg%gﬁ asthggp g‘;’%ﬁﬁ%ﬁ%?éﬁ% &@gﬁﬁ?@?g%l%ﬁ j 'ébr(/léalra?%tc%e
roots of eachsedtidmd anﬂearmgg, Staywa ldrige rurMbateof shdiBufi®d hffieal diytHeever ses
and forces ''s nelted plastic back ‘and torth across the barrier. The

mat eri al i niot heotatfahaetreve for a distribetiye smikinerteal pin ahdl ghinedpple minthg hen | ow
shear as it crosses between the barrier and the barrel wall. Usually these
doubl e wave n??ﬁt‘r?ﬁ‘s?sections are located in the netering section where the

pl astic has alread Ash 'gt : AVLCT SN

doubl e wave screvvs)é}rﬁ)gﬁgraggb%ﬁgt rﬁﬂgnggne 68?%%‘%‘8‘1%%%%%?&%?%%@8? -3
i xing_of Al ehd Silichdid dishabGtioNBO HAD oMV dewh thuiidtenlsaitior YTigS Of
materials the level of mxing is still Iess than optinal. ny of the
extruder scr ehsrrifr schewhasswachannels, used o separatermeltffargisolid: of wdriving

C Whi | her.. f . .
mx1ng, '{s° width gepeaxrtageuddg)r' an un ercx?trba?’tnere rfhéﬁ/tpefh% width of the channel is

proportional to the amount of solid or melt. Initially, as pellets start to melt,
the melt pool is pushed into the narrow melt channel. The melt channel
grows larger as more melt is collected. The Barr ET screws (namely, a Barr ET
Barrier screw (manufactured by Robert Barr Incorporated of Virginia Beach,

20 VA))is claimed to have 30 to 50% better melting rate through mixing of
pellets with fresh melt.

A prior art modified double wave screw typically has two equal width
channels separated by an undercut barrier flight wherein the roots of each
channel go up and down like a wave. This continually reverses and forces

25 melted plastic back and forth across the barrier. The material in the channel is
alternately subjected to high shear and then low shear as it crosses between
the barrier and the barrel wall. Usually these double wave mixing sections
are located in the metering section where the plastic has already been melted

and consist of 3 to 4 waves. Although double wave screws increase the




s blenders of the prior art have been designed to augnment m x2dgnep003
exploit the ¢; ab*)iti es of such devices to generate new interfacial area
bet ween t he ﬁ%‘??‘?‘é' ?t conponents. The degree of mixing, ther efP§TAISIP34397
strong funhction of rate of creation of polyner-polyner interface, which in
turn depends on the design of the extruder or blender and viscosity and
interfacial tension t o between the conponents. The nechani sm by whi ch new
interfaces are repeatedly created is knows.as "distributive” mxing. In

di stributive mxing, the length scale of each conponent is dramatically
reduced to thi gl HhaRe i HeitRWSREBLEH ahlex@hfdt MR r i §J;ﬁ@ off each
phase with the resultant m xture being a“collection of alterndting thin
striations of triatenhlashe levisbbemixingtihatill tesditisdn optitrialel v m xed nateri al
still has two-phases, though on a very mcroscopic scale. On a macroscopic
scal e, however, theManeef tg'qe exgaidier serexsPf tha@ricsaryealy ensmpleswlart i es are

now governed by..the contfibutions fromboth the, conponents. In the case of

bl endi ng of i nﬁ#@‘{ﬁl?ﬂ‘go 6%?'3%‘%%’(% %ﬁlgﬁfts%xtnf%r’fgp%ﬁ %%?ﬁ}\?éwge ?fo produce
di spersi ons of pfel v g}qu ' S a i
cont i nuous pﬁagleehfEl gﬁérjrgfd)mg r?cé]real%ﬁng]& o?bg?rrgésrﬁ nt. mTﬂgg?ngggﬁgﬁ% caﬁ!gr}el ’Esﬁrlneithat
produces this thesqarabiitiesooftsuoh desicesteppehergie new intevfagial urdatmemvean the

"di spersive mxing". In this case, the interfacial tension between the
conponents i s PPlimperic comppspatssitie dfﬁgwehef Béanssthereforp isa 55688 ftAnedEen t he

m nor conponent.stretches into thin striation e o a. "distributive"

T xi g mebhant ShEbF Of FEEBeE Ry ey el et BREP e in BirR dRpBBes bR | o
critical |ocal tHeedi'&tign ¢ thedtPud G MBnd SUHY VRBSsitEnd HieHhag] éhgfo%( ces
become nore inportant than the viscous forces and the striations break into
fine dropl etis. bdtvesan theapnepenent? Theme2 haRisiCb O /HEdH AewRaTdrticed ared 307 -

may retain shape and size, or, in turn, m% deform stretch into o
striations) anifRfaseddyrqieatadis knewnasndistapypret suxing laidisribmtivg mixing,

breakup procesges;.r nt | £.of I Lopl Sj zZ i st.ribution is
reached such tﬁ‘éet leﬁgafgéﬁlﬁgﬁ e%?%%g@tg}_’oggalrg?tg&l&lﬁglugg%g‘%g'ﬁpfl&bé%@_ ses,
such as coal esggngs r@foeét_@@ s&e&ﬁ!’dé afld editin bPea%h'ﬁEéé@rwﬁﬁ% FRERRKE W L

t he breakup process anhd influence the final size 'distribution. Secondly,

t hese dropl et smeEntirgiHejnglaeollectionf ofediernating thinestrnationsaofthe ehases. dNeteer sed
particles. The physical, properties of conpQpent materials, operating

condi ti ons of maéﬁdqiﬁglbmaﬁn&mga rmteapbﬁﬁﬂhes Bye-phases, though opadierfig on

the quality of _mxi of iymscible i A ical - 5t single
extruder scr ewn{s]é’ig\fggpicﬁfégn@fﬁé?‘il‘aoﬁgg%‘:%?%sscdeé%f)w e}%é?’zt%gr%%tpﬁﬁl;l@%g m Xi ng;
and (3) neteri Ngix&d'JLAA tRe baridud Pripedtied ¥R R FOVeLREH By 8 fddabutiohew of
the prior art including a nunber of zones with zones | abel ed as feeding,

transition, fifrometiethegpmpenentag and second netering. Melting of solids

which starts in the transiti zope) al.so cal]led ~ 5 conpression zone,
Shoul d_end ear |y i n [ RBE Feset B IoR ! RGBTl e < AR TR oe

unnel ted sol4d il o b . [P itd j . Many
comer ci al | y'oaégﬁcggfzgggoxgﬁ lﬁé%ﬁgg\g Eg%p pglhg%%éf)%r@sgfa[ﬁraglre éggg\eécﬁlﬁ{/
designed to pegdRIPBricht n &K)e.e@drftirﬁlohlS[Fﬂ{als@ Formiel Byl dh@fiH6r dofiporedtit] The
melting, an exanple being the Barr ET screw as described herein above. 'o
Anot her popul amixingmechapistrathait prodeceswhisstippersed<ontntious marphalagytied
solid so that the solid is al /S subjected o high shear forces.caused by
friction with m@%ygmwms F/E SRHRE el %%qu?s?.m cial tegsion
metering secti | hee t by drag flowinto the venting zone
BRewbaR e ‘g%}ﬂﬁ@é%ﬁ%% ésegﬂgé.

and the second et ering . . melt into a stranding die. ?s There
are no inhergnt mec f@i@péf&v@m&ihgld&&@rstihwtsgeﬁer&_tgm@fmidw cBfriptnentt to
ensure mxing of two of nore polyneric materials. Figure 4 shows
cross-channel ftretehies inteethie striatiogs shiet oan” distributiveiouixing creshanism pébths i or
art wherein the notion,is mpstly circulatory. There is, no reqrientation
mechani sm and &%‘P‘éﬁ‘ﬁr‘%‘?v@ hg gretphingRontinyes uﬂnilﬁ&“@cﬁk IIOFaP]ﬂﬁggth ?Cﬁlsq? 2
June 2003 WD O v / - 1 L0 ' xcept
%gégﬁ FE@ ct)llr@%% ?rgtg%éma? g&@gse\%edlsge }3403:9 @gﬁ?&aﬁi the

t hr ough nol ecul ar 0 cases advan eous to provide
auxiliary m xi RAsceRBIforRS atld theSuftiordfbrehk fitofHedtdlett ONThede drtplerse

m xi ng. Exanpl es of such auxiliary m xing sections are shown in Figure 2
-and include a blister ring, an Egan mxing unit, 5 a pineapple m xing
section, a cavity transfer m xer, a Dul mage m xi ng section, anong ot hers.
Distributive and di spersive mxing are produced with the aid , of these
auxiliary mxing sections as the nelt is forced through the small gap
between the barrel and the m xing section. The typical |ength of these
auxiliary mxing sections range from2-4 tines the dianeter of the screw

o - " o




2c mixing. This is especially true for polynmers avail abl e in 2 hnef2008 of

| ow bul k density powder. Secondly, the aspect ratio of the screw channel
must |ie bet\XXP3423nd 6 for realization of appreciabl e chaot PETRIS%/24307
This poses serious restriction on the available Flow area and throughput
rates as the undercut baffles al so occupy sone physical space. Thirdly, no
di spersive ~5 m xi ng nechani sns are provi ded by the undercut baffles of
such a design. As stated herein above it 4s advantageous for an extruder
screw to be able to produce both dispersive and distributive mxing. It is
apparent fronmidieretdiovshaplene $xé, YrsindulfSthaltldfbampdtiettRin@tRXisaRd

whi ch is capable of increased dispersive and distributive mxing. | t

June 2003 WO boeadutetherdmtaSoey drgnegts- Ahestretchingeod weaknp processastriepratt o

fulfill this and. other needs.in the arf in a manner re apparent to the
ski |l ed artisHRtbARESHIIEANS AESPISE Fga iRTigrEonds arashedoFARNaLgo Funther

INVENTION 5 T Vv | S fLCI ' of the
prior art ar eg_g?/agér%1 oﬁﬁos?ﬁjz l %%gggﬁ%}??éﬁ%gﬁgﬁg@??ﬁ ereéc%?:‘?g\g\f _§'§°t he
present i nvenkialdrbpR ifitd @l gex Hfdislesmpeteowitd thelrelgs pRdces MRt | On

i ncludes a plurality of undercut barriers disposed in a preselected pattern
within the ' aiffuerele thé fimal sizedistributioor Secofidky, tieserdropldtasaolidifisdae ¢o

o oul o i ner ¢ AeSAINE A fbe IRt 2RAPRIPTIe SIgRISRd FRTAES | The RhyRicsl RCReRteS
difficult t | . 1Lh ' - t
[ Inveln'ﬂjon fgr?hggr;@‘l nc gég?tgnggbﬁ%&ﬂgk?gf‘é;ﬁ#ﬁ%{ﬁﬁé@ﬁﬁggg{ig{%gl%éﬁgelnands

di sposed t her gRthdeRPsll ha 0@ Gekebebaaiy bhiehd ghality®f @bling of i@eisablé BiBRdy ent
zone to further increase the amount of ~ s m xing. The undercut barriers

i ncrease di 8t ri but iAvtypicali tnp-biage singla exmmydehecriemt sarvescihake fumctions: (e

mat eri al by sgéeié{_tin@the streacgan_materi | into thin striations at
presel ected i fREHDE &) IREIBIZARG MHYingANd (SLRGHRIIRG: Figure 8.s atypigalitvRy
within the ch I r , r.LLer ] Y 1 X| 20
s also incr eg{s} %Iflél? ﬁgﬁﬁlr#\érsé{}t% ggﬂﬁéﬁér gﬂelh&lt%hdzn% f?:n%?@%%: oaftelloglﬁés(bg%\used

by the barri ezgnbs RivelddaPteddnit, efnsitldlt 8¢ etdring veatifEean@ séopds of hi gh
shear for the material, which contribute to dispersive mxing, at the zones

bet ween t he t imeteving: Adelbing ofeodidsrwhich stasts inethetnansitiom zadeli alsaealledhe
slotted blister rin?,increas S isﬁgrsive L X ng at the _z%rcl)es getwee the

| ands and t e CBHIRTEFSIQR 2PNesShald eRdsatlydndhe MEtsTING ZoNg; OME F§8TERLf casi ng
the interfacial; iak o o f th
g oo SondhisBigBefiedsT GnBliet Blidd i sRSTRRAMRY ceUBIA R i) L1

lhi S aI gr aphi caheRgeHPddany EofreRérRERIN Aldilableéxtbudér Rfewas bf thd priciesrtage ew
channel ;

speciallv designed to perform this specific function and guarantee very early
melting, an example being the Barr ET screw as described herein above.

20 Another popular screw, the barrier screw, separates melts from unmelted
solid so that the solid is always subjected to high shear forces caused by
friction with the barrel wall and therefore melts rapidly. The first metering
section simply conveys the melt by drag flow into the venting zone and the
second metering zone pumps the melt into a stranding die.

25 There are no inherent mechanisms built into the screw design of the
prior art to ensure mixing of two or more polymeric materials. Figure 4
shows cross-channel flow in the metering section of an unwound screw of the

" prior art wherein the motion is mostly circulatory. There is no reorientation

mechanism and therefore, two elements of fluid A and B will most likely




Figure 2 is a plan viewin partial section of various mxi ng 28062008 of
extruder scre the prior art; Figure 3 is a plan view of a two-stage
'si'ngl e extrudcg\?)og&‘?oé\?v of the prior art; Figure 4 is a graphi ca‘TCT/US”’M%7
representation of cross-channel flow of ~ o nmaterial in a prior art
extruder screw, Figure 5 is a plan view of a single extruder screw of the
present invention incorporating undercut barriers and a blister ring;
Figure 6 is a graphical perspective represgntation of an extruder screw
channel in accordance with the present invention; 1 s Figure 7 is a
graphi cal repr aest Al KatiPachibtBE NEEst thES S AIAURAr dBAALIL" Al Re Wideb
the present invention; Figure 8 is a plan view of a slotted blister ring of
t he present i nvestdeantagadus-tgpraevife asxbiapy atixirigesectibnaasthegirel ekfirstder
screw of the present zo invention incorpqQrating undercut barriers and a
blister ring; DEFAINEBEORESTRNPTO\MUKINEHEXARARIPIIRAUKHITYGIDENG] gure S

one enbodi nent . r. L. | t.he pr.esent

i nvention is s g%/\%&:@’r?gﬁé‘ﬁﬂ’g‘ lrﬁs@ﬁé& ’%3@1@&@‘%&?%%%@&1& g}%ag\f@%ar}gg&% gt
under cut barrs @rindapplaerisifsddbRns & caVtE ARBRE tnikeLfa Dhﬁﬁég@ﬁﬁﬂdg‘”&&cﬁé‘ﬂe 4
and second netering Zone 5 and a sfotted blister ring 6 | ocated between the
first neteringamomg athiers. ViBistributiee Znd dispensite mixingarerpredsced reiyh shesaidbe
pl aced in the \ggol e or ;:iart of ,the conpression, or é une 2003 WO

00/ 34027 PCTNS®$thesgauxiliary mpixing secions 265 4ke Belis fersed thepugh the,small gap

Extruder screw t te hnvent] | JRr emes, . di. | i I Xing in
two ways, fi rstb%f‘ﬁéee%%%e%rgéedb%gr b\%errg{s;&égggt'[sg% quesg%ilﬁ ?@h&ﬁ%ﬁ%m to
split material agkilReEnixREESREons rhfge HOAED AHMBAIHE GlathedérfoPpistldPeThe
within the screw channel to change the ~ streamine patterns of

cross- channelo fdegveet gfpnixihg athjevable faom thrse sedtions ¢ wsallysmidt s theemelter ei n

before. The splitting nmechanismcoupled with relatiye notion of_ the screw
advant ageousl y SPﬁE‘li%‘g’é‘é(sa? Té {RG B} |mai*a&za%eﬁh%<¥<§wpnwme apdHa mixing

strean i ne pat %gﬁ@g&g_%ﬁgg,%gﬁg%lé%r g%%qﬁifﬂéﬁr material area generati oh

via stretching roug out by under cut
Another screw design of the prior art aimed at improving distributive

mixing in a single extruder screw includes a series of undercut baffles placed

15 along the screw channels to disrupt streamiines of the cross-channel flow.
The baffle locations are alternated periodically to produced chaotic mixing of
the melt. There are several limitations in such an extruder screw. First, if the
channels are not completely filled, only a part of the channel cross-section is
available for chaotic mixing; therefore reducing the extent of distributive

20 mixing. This is especially true for polymers available in the form of low bulk
density powder. Secondly, the aspect ratio of the screw channel must lie
between 4 and 6 for realization of appreciable chaotic mixing. This poses
serious restriction on the available flow area and throughput rates as the
undercut baffles also occupy some physical space. Thirdly, no dispersive

25 mixing mechanisms are provided by the undercut baffles of such a design. As
stated herein above it is advantageous for an extruder screw to be able to
produce both dispersive and distributive mixing.

It is apparent from the above there exists a need in the art for an

extruder which is capable of increased dispersive and distributive mixing. It




i o barriers 2 as will be nore fully described herein bel ow. R&2003g now
to Figure 6 there is shown an unwound view of a channel 3 of netering stage
4 of the ext MA¥R4&rew 1 shown in Figure 5. In . accordance WRCTRISO$24307
present invention undercut barriers 2 are aligned parallel to the primry
screw flight 10 defined by primary screw 11. The length 12, i ~ width 13)
and hei ght 14 of undercut barriers 2 play a significant roIe in the

bl endi ng performance of screw 1. In accordance with the present invention,

| ength 12 of undercut barriers 2 is expressed in relation to the 360 degree
turn length ofjgp Jm?:r e%@mwaerﬁfoﬁeemﬁ&rthe%%tﬂeﬁﬂgem @dantageously
range fromone quarter of a turn to a full turn of e primary screw 11.
The 20 hei ght mdnnér frivee apgerantitohine skitled a2tian engy giveadhé foll@baig on to the
hei ght of pri rrary screw 11 which defines the depth 15 of screw channel 3.
The hei ght 14 @isclgades:- cut barriers 2 may advant ageously range between 1/4

of channel dep depth. The wi dth 13 of undercut
barriers 2 is %‘Q@rﬁfﬁ@%%mﬂﬁwf t he nechani cal strength of the
materials of s25 coRgklaRlks sa@ghd%%hémaw& kb Bhd RIS pric?
di scussed here| n above the relative placenent ercut arriers
important to taeaed bieicente @xeailiemmdchy tife semglmedmuc&csenwlof&emsmshom

in Figure 6 undercut barriers 2 are disposed along screw 3 in stages 16-19.
In the exanpl ellyRBAAN; A heisingle estruder sereay @ﬁﬂ\euwewgrlgvgn@mm@ desa st ages

do 2 June 20 00/ 34027 [ US99/ 2430 eac :

S ong-the. or | rRIGARM SHEnageaF atEIeEs dinrosts oA Prele S paRBrt PRRRS ¢ he
scope of the pagseRl of EM%QE‘uQRmtJ&?éwamhetdiﬂhe?rls'ﬁtcﬁa%%!e\‘?afé@i@ sé%fx BltlEf S 2
may or may not overlap in terns of their relative axial pos Ion. along

channel 3. SoShetdringétageiand decohd gneterifigistageaandprodda indraasdddispersber  of
undercut barriers 2 i1ncreases in each stage from 16 to 19. The nunber and

pl acement of ,anddisseibrted gumgéaéhaawdféwu\séhfétca@retmlmd meaterials. fThel v

expl ai ned her ei.n h, i,ncrease

hat
P he amber UReR I R of the pRedsBP Ry Ao Refhek Sodi3ks SRR e
In order to t gAeLARPPHMNR tév&sra%@qshagaxd séa%reaﬁapban n@d\Bséwé’en %e to

the successive I ncreaSe in the number of rriers 2 of eac stage 1

the | ead of thﬁrqmrmeteny\gsma@/\aﬂd thesventczmstedumnenmcreasefthecamdurtteuﬁs t he
channel 3. In operation the undercut barriers 2 increase the blending
effici ency of BWXINgsi on screw 1 in two inportant ways. Fi rst undercut
barriers 2 split th f ow of ex mat er i al

interval s, coinci deﬁbe\)ﬁnt ’% hardets: 1@’55‘?1?% dé%ﬁ’ggt%ﬁ %%}95 énch gﬁg?% n
striations. Seﬁthaalmcﬁ%h@e%teﬁam m}é‘h&ﬁ#t“r‘x@%&%ﬁﬁ?of Rakdr iRt/ thiRS
extruded material 20 flows through screw cha , the barriers 2 split
the material i siriatibimisrat presedddted ntervals end wrohiding forra secondann edcirclatoR2,
and 23 bounded by the barriers, 2 the primary screw 20 11 the screw root 24
and the extrud8pWowithin thech alrm@ls fcgraftq ev Hes HoCTSH BATTIATa e DISRATEVE ATOGRE

wth respect, ch
barrier channe?s a§$<5 %rggﬁ%&:@e erc leéggvg\%ot\/ ﬂ.}r}]gréxapg)%’\ﬁ? egft.t’;’?y
flow pattern r e BHQHre Brébk b @Y‘@;f:l%?s WeParzkagBRb cdedtd aEéAsl S¥hiph Shear
extruded material 20 the portion the extruded material 20 between the 25
barrier tip 28famttetrhateial whichcontributy tecdispersive mixingeatsthe zonésbetpeeenn
the areas represented by arrows 29. The intense shear results in an

increase in hedte Bps pﬁéheemrrrmean%hebawelmlprla@éelmgn rieeslattpdablister ring

prowdlng reorientation of nelts fi C|e S m.xi ng.as

Hescri bed her el BRESEsPerRfE ‘T‘E“%Pyﬁffs%‘?’}ﬁs el B ks At B B wal ¢
material s, evsgandﬁﬂalé%[ee dxsn% JHO %Wﬁ@é&&ﬁé? hefnkb 201 23 0f the10 The
patterns of barriers al ong t anne determnes to what extent the

di stributive mnxatag)ﬂasfits'pas@sfthmmg}hdxéﬂbtstéﬂthg rirgchani sm can be obt ai ned.
In the specific exanple shown in Figure 6, in the first stage 16 there are
two streanms 30, 32 which are split into four streans 34, 36, 38, 40 in the




5 second stage 17, which in turn split into eight streans 42, 244ne 2603 48,
50) 52, 54, i e third stage 18 and so on. In the exanple _shaown, the
‘number of ba‘?rgidg}?g&zg i ncreases by one in each successive stagECI’é’-Si%%“W
however other patterns of barriers are within the scope of the present
invention as will be nore fully described herein below It is inportant to
note that the relative ~ o notion between barrel 25 and screw 1 causes
secondary, or recirculatory, flown . 27 ifi-the barrier channels defined by
the undercut barriers 2 which further provides reorientation of nelts for
efficient mxing. ARERDLIERIBTICGW OF THe DRAYENGSnvent i on provi des the
conbi ned actions of streamsplitting, reorientation, and intense shear
mechani snms to increase the efficiency of both ~ 5 distributive and

mechani sms Lo Increase the efficiency o tive a
i shosed i n T1rst moter HE-cebts briphit Htckit AT R Eh Bion i p ot ©

account for appHAddraedw cRahhelof the length of screw 1. Relative to
extrusion screws of the prior art, the extruded material, or polyner) 20 in
the melt conglition, 20 skignds2as & playeview irepartial sectiorcofiwarjousfmiximg under cut
barriers 2 while experiencing intense shear in the regions of small

cl earance bet GEERORHEL eXTrUder serewe REtIRPYIGT aal | | and the barriers and the

barrel wall, in an enbod, J i nv i Thi vV, a usly
fesults in a higher degrSBuat 3% 7 ERINPIEE"EFA riBiiike SRel U ERRREBEIHRER T
the prior art.th@dHrdS@tshown in Figure 5 is a blister ring 6 arranged on
extrusion screw 1 between first netering stage 4 and vent zone 7. As best
shown in Figure 8 bli st eFigurad ida ignaphidalsepuésenpitiorns bbtresschatirep opdofit
predeterm ned angl es.represented by 68 relative. to the axis 70 of extruder
screw 1. Sl ¢ @B%rhaiénﬁééri‘qri%ﬁ@ﬁ“ﬂ\éﬁmﬁ“’par allel lands 62. Blister ring 6

of mel ¢ mat ori al 20 sucht G 5408 B Bl oP Y SEl bl SRE i predal | O

ring, nanely tiReehtibAlindBrpofd shderuf bareer@iang 4 blisteslringt h materi al

al l owi ng the undercut barriers to performas described herein above. In
addition, blister r ng 6Figuoebdes ghapfricalperspécivarepresentation ofl arpéxtagden
passes through a s ¢l earance befween the blister ring and the barrel. A

cl earance, bas¥FF¥IraRBEHELALP a%@i%ﬁ?%?%@&}“‘ﬁé&%'en the blister ring

and the barngl, is provi f@?‘.’% tigagiﬁ%ﬁﬁe&’gﬁsﬁg&g‘%g?’gé%& captrol the

heat generated as the ma a roug rrng portion of
screw 1. Duri niha@lmlﬁihéﬁbr@éxﬁ@t@[thrthé?r@se@tlﬁswa'&idﬂ)at screw channel 3 in
the first netering stage 4 remains filled ~ o with material 20, wherein
undercut barriers 2 effeFigureByis prdan diew héastatied bligjer ging of the presant

fol ding m xing described herein above. In addition) slots 60 on blister
ring 6 provi dg‘né(SBPPPo?’%qi reorientation to the melt and thereby, additional

m xing. Blister ring 6 ig; L al Lyl ik [ i4a t he
material flux between th’g@gggﬁggrﬁéé{%vgﬁé% gﬂ?grgs??&?rlg?ié%?ﬁg %hg?ﬁgsteq{g

whi ch true borinvehebnahcePobatihyandeftut baedentarkbadlister kings such as | ow

bul k density powders) for exanple. The present invention wll now be
described with reference to the specific exanples shown in Figures 8 and 9,
and Table 1. T ' bet ween one and two in
successi ve sta@%%ﬁi@&égﬁgEgmﬁéﬁt netering zone 4 and
second netering zone 5. In the area of one undercut barrier 2) the barrier
is placed at the mddle of the channel 3, that is mdway between primary
flight 10. In the aReasritgabFipified 6Hé ehtbodifient 3f anextradai sstead] Acent to

one another, they are located at 1 / 3 and 2/ 3 of the channel wi dth as
measur ed betieaccopdance with thgipresent inventiem i $hoven iricledingoixing feataresin
spanned 0.5n D.al png the sc¢rew channel, wher is,the screw dianeter along
Che br i mary [ HEHOMIOL S sciesel HARPTRy: barTiecn d FLacs n fhe et sheRieiag of
exanpl e shown. ¢ ' el | r.eqr ' ,
where His theflgge}ggg%ﬁd\ii%’%ain%}e?{i Sééehﬁ'@r:& ¢ ‘é%r?ﬁeg ééﬁeeg agte ag%g?%grl lb%,iﬁéeey gllggft of
primary screw RiratdtDpbtviébnitheiret Meteriitizofle hid vexnaabhe7 sMhviinderct8 i nch.
2 June 2003 WO 001 34027 PCT/ US99/ 24307 -12 The aspect ratio values of the
pri mary channebstriensd mapailsghive-piaced dn the wihiade onpart afehe comgressin, or
respectively in the first and second netering sections. As described herein
above this aspect ratio is nmuch greater than that of the prior art thereby
providing an increased flow area. s The blister ring 6 is approxi mately
0.6D long and a clearance of 0.09 inch is maintai ned between the barrel

wal | and the blister ring. The dinensions of the slotted sections are shown

with reference to Figure 8 wherein slots 60 are 0.25 inches wide and .0.235
i nches deep, and lands 62 are 0.25 inches wide. The angle represented by

o v e — Y .




i o0 screw 1l is about 6 degrees or 0.1 radian. Because of the 2dlrd 20GS y
smal | nunber of undercut barriers 2 (relative to the enbodi nent shown in
Fi'gure 5) theVaéep4¥e’ of streamsplitting in this enbodi nent achtEUsS®/ 4s07

| ess than optimal. Neverthel ess, the degree of reorientation from secondary
recircuiation flow 27 obtained fromthe barriers provides an excell ent
distributive mxing. A mgjor part~of dispersive mxing is achieved by the
sheaxi ng forces caused by the friction of pgssing material between the tips
of the barriers 2 and the barrel wall ?5. In addition, although the

mat eri al spends yansiyi, 28R $Hdiflent tdReRaDHY Eigf@am%ﬁcwtztmh@g gt ring

6, the tight clearance between’|l ands 60 and barr 2~ provi I nt ense

shear forces toidentin impervesldistiblitive heiking it 8as vayis st she andbscubg.
Table 1. Design information for one enbodi ment of the screw of the present
i nventi on havi n§awigs? aqi@h 2 sphitting eraghaniso tmeplitrmatgriabstreamss Seepmdly, the
extruder screw.

2 J 2003 WO 001 34027. PCTNS99/ 24307 -13 Secti
L enoir Load. 4 BraBecRRahierarm BostRanat withim (S oK CPABRTT oA fe

I i nchi nchFeedi:n 1 2. = <5/ 1 tapee: /
Lol a-263, 5500, 9388 1’%’%?%59.5%35 s iChglr@agI. i ﬁ@géﬂ%@r?& At €xder screws
5/ 16?7d10. 53. 2539 dedctisedbheretri befprd hThe splittirdsmetharterd edwvith elitiveled

to validate mixing abilities of the screw The first blend, designated PC,
is a nmixture of migrest thecsorewragivansagepgsly-ingreases/interanatarigbayepmeneratiqme

rati o of weight .of 85:15.and the second bl.end, designated IS, a mxture

o poe mnd Pa TResPanes i Sireeng Fasatne ali prodicesBasased mreupRierelarame

i n aerospace in % & s s'iﬁé? B 3

si | oxane copol y%glﬁél{an t @a\%etéégﬁ%xﬂgg??%%gé %}Eﬁa Rﬁo@\%\t&gsouf (@ undercut

i ndi vi dual corpbamiérs 2aewiil be emsredulln destlibed hbmdinbelow.t erns of ~ o shear

viscosity in pascal seconds Pa-S at 340' C. Table ?. Shear viscosity of

conponents. Shear ratef¢rring sowdo figurepthenss shownsuounwoungsgew &0l 650
s on the orde s the

the- ranged 1 r offtreee) S3FORIT e I 4FY xiroer Srdk o ParE Fibrega hy | o

2 June 2003 accordance with the present invention undercut barriers 2 are aligned parallel
to the primary screw flight 10 defined by primary screw 11. The length 12,

15 width 13, and height 14 of undercut barriers 2 play a significant role in the
blending performance of screw 1. In accordance with the present invention,
length 12 of undercut barriers 2 is expressed in relation to the 360 degree turn
length of primary screw 11 of extruder screw 1 and may advantageously
range from one quarter of a turn to a full turn of the primary screw 11. The

20 height 14 of the undercut barriers 2 is expressed in relation to the height of
primary screw 11 which defines the depth 15 of screw channel 3. The height
14 of undercut barriers 2 may advantageously range between % of channel

~ depth 15 to % of the channel depth. The width 13 of undercut barriers 2 is
determined as a function of the mechanical strength of the materials of

25 construction as well as the material to be extruded.

| As discussed herein above the relative placement of undercut barriers 2
is important to the efficient performance of extruder screw 1. As best shown
in Figure 6 undercut barriers 2 are disposed along screw 3 in stages 16-19. In

the example shown in Figure 6 the undercut barriers 2 successive stages do




WD 00/ 34027 PCT/ US99/ 24307 -14 Simlarly, the ratio of viscospuues2063 PC
and PEl range from0.367 to 0.69? for shear rate of 0 and 10~ 1/s,
Tespecti vel y.WQ\E%"tom ee bl ends were conpounded using the singIPETERSQEROP
screw 1l 5 shown in Figure 8 with prescribed barrel set tenperature
profiles. As discussed herein above, the nunber of undercut barriers 2
resulted in a degree of streamsplitting, and overall m xing, which is
contenpl ated to be |l ess than that which wgul d be produced by the enbodi nent
shown in Figure ~. The three bl ends were al so conpounded utilizing a
nodi fi ed doubl | L | e puwr pose of
conpari son of r%é\#?ggﬁgﬁggﬁg%% aqn?)‘&??‘? %Eh oug:?gél\?aj\?e&g%r{glvvé%ﬁ({hiég%s

consi dered t hendvesterpetfhim thasropiens|the peesewt irntvehfionphavan@ewo isicdegsife of

m xi ng performance for . the three blends. t 5 Relative to the nodified
doubl e wave sdtagessideastiersg maytdrensymet ovedap irotesmsididheiriselativeaxiathown i n
Figures 8 and 9 dermgl'%trﬁ%ed als%~ 33% i ncrease in throughput. A maxi num
limt on throRPFHAT BCEHEAPPESENt i nvention was not investigated while the
conpoundi ng operat i ' A . t '

sur gi ng. Theppower Sgglr\{segér%%ﬂ[%ﬁ) ?Igh)ﬁ%g?ggrrfb ﬁk@git?gﬁe‘gﬁ{rﬁggﬁo( gerr{)eres
for the preserbartioreDiricoeasenin @ststagront ko LHeThe dutisst ahablhernenteos |
screw. This reflects the | ow shear environment offered by the disclosed
screw. As desdheibetriexsrinieach suecessive stage wilkbr more fully expleineddesrein
barriers 2 whi,ch result in. nean ak, shear tes, which are,an order of
magni tude. | cobelaNnRoWEE 5t RRRCRR R SR thateRe e L R hthpSel
mxing) as | udeeRd 88 HeR 00y RMAL ek HIcRdy SRERREINY I8l Gt &) M CToscope
(SEM of the material obtained using the , present Invention, was either
qual i tati vehy stommsddte the rddidtin inhdowtadted irnditaninekbd, dise tgtheaticéeseiredoubl e
wave scre~. No degradation of materials 2 June 2003 WO 00/ 34027

PCT/ US99/ 2430 Ancregseistheaemberjohibarriare of each stage Ae{19, thedgad péithe val ues.

The nelt flow index val ues, of. the start.in teri.gl apnd the bl ended
materal ver e FIRASE Sadnt Bantreaedd et th S ulepS e cringl Snbodi ment. of
the present inventi ehél,] IRV ST oagabTelTe B '

observed 10-?0% i nc@?ﬁ%alﬁ%ﬁm‘fﬁ?h}sﬁe# 5\59}%%\45)? \r/lgﬁ%ues W t%ﬂg{iﬁ\éé@é{eﬁk%gf
doubl e wave sagxerusidomsaeddi 1 irotwo imipertant svayso Fasseaendéncut bermere 2esplit the

i nvention had observed nmechanical properties, reported as Notched |zod

val ues and héaxidlifawofestrudinperatetinls at regylar intemvials spinsidansavitic eaght abl e

ranges.  22- Os%bggsgllvezstggg 8t BSrriers, into thin striations. Secondly, and as best shown

with reference to Figure 7, as extruded material 20 flows through screw
channel 3, the barriers 2 split the material into thin striations carried within
barrier channels 21, 22, and 23 bounded by the barriers, 2 the primary screw
20 11 the screw root 24 and the extruder barrel 25. The relative motion of
extruded material 20 with respect to screw channel 3 is represented by arrow
26. Within each barrier channel 21-23 extruded material 20 also moves in a
recirculatory flow pattern represented by arrows 27. When channel 3 is filled
with extruded material 20 the portion of the extruded material 20 between the
25 barrier tip 28 and the barrel 25 is subjected to intense shear forces in the areas
represented by arrows 29. The intense shear results in an increase in heat of
the extruded material 20 promoting melting and providing reérientation of
melts for efficient dispersive mixing as described herein before. This is very

useful to disperse difficult to melt materials, e.g., rubber.




08CU05782 16 CLAIMS 1. A single screw extruder for dispersive2duoe 2003

di stributNe m xing, said extruder conprising: a screw having a continuous
flight theredMOW349R7 defi nes a channel having a width and a hep@irtisoon4307
plurality of baffles disposed in said channel in a predeterm ned pattern,
wherein said predeterm ned pattern conprises a plurality of non-over

| appi ng rows of parallel baffles arranged along said | ength of said screw,
wherein each baffle in each rowis spaced_@part equi di stant from either
anot her said baffle or said screw flight. Z. A single screw extruder as set

forth i | ai 1 wh [ i d ffl i ght || .th i.d hei ght
oL ol m L el hald PalfLes ved Depcll oless, o SaLG deLont
m xing, said exhs HERKLAAVPRRINM arRiriCioM 1RWHIGHAg heRYLRisnt Aafl FRCT €W

including a first netering stage an second 'nmetering stage thereon; a

first continuowptdihe@hlin bevspegific deairgple shotvrainFigtle 6) inthe ditst stagal 6/tHdrest
metering stage which defines a first channel and having a plurality of
first baffles arspsestreamsr3d A2iwhich presipligrintrefasr siigams 4t 86,38, 4Qinithe

Second ot er ingem g 12 bl Rt Sale 87 faltsbetnin 47 REA 4005 841 1
of second baff!SS%thég;ﬂg&Qta%Q%ed 5808, ﬁ?ﬁ%‘&a‘iﬁf@%@i«fﬂ,@ﬁ@nﬂ?ﬂﬁ lop; and

wherein said first an eco predeterm ned patterns conprise a plurality

of non-over | appangersincedaspabplonelinkath becceasiva stagd 1619 hosasvar bttegt h of
said screw) wherein each baffle in each rowis spaced apart equidistant
from ei t her andeHernsef bambiers pee withimthe scopewithe gresennvmeptionssewH be |

more fully described herein below. It is important to note that the relative

10 motion between barrel 25 and screw 1 causes secondary, or recirculatory, flow .
27 in the barrier channels defined by the undercut barriers 2 which further
provides reorientation of melts for efficient mixing. An extruder screw of the
present invention provides the combined actions of stream splitting,
reorientation, and intense shear mechanisms to increase the efficiency of both

15 distributive and dispersive mixing.

Referring again to Figure 5, the undercut barriers 2 are disposed in
first metering section 4 and second metering section 5 which account for
approximately half of the length of screw 1. Relative to extrusion screws of
the prior art, the extruded material, or polvmer, 20 in the melt condition,

20 spends a longer time in the vicinity of the undercut barriers 2 while
experiencing intense shear in the regions of small clearance between the flight
and the barrel wall, and the barriers and the barrel wall, in an embodiment of

, the present invention. This advantageously results in a higher degree of
stretching of intermaterial surface than in the prior art.

25 Also shown in Figure 5 is a blister ring 6 arranged on extrusion screw 1
between first metering stage 4 and vent zone 7. As best shown in Figure 8
blister ring 6 includes multiple slots 60 disposed at predetermined angles
represented by 68 relative to the axis 70 of extruder screw 1. Slots 60 are

positioned between parallel lands 62. Blister ring 6 creates a restriction to




22-01 e2001 08CU05782 17 2 June 200S 4. A single screw extrud2gures20663

forth in clali ther conprising a blister ring positioned on said screw
bet ween sai d'“fr[}gbé%bj#eteri ng stage and sai d second netering st&G&USEY24307
blister ring having a plurality of slots and | ands di sposed thereon. 5. A
single screw extruder as set forth in claim4 further conprising a vent
zone positioned between said blister ring and said second netering stage.

6. A single screw extruder as set forth ifilclaim4 wherein said screw

i ncl udes an axis of rotation and wherein said slots and said | ands are

paral | el to eafibwotflraeltanstearnb2@sixqghothat saevsaiahret Beupstrean chtigd Blidter sai d
axis of rotation. 7. A single screw extruder as set forth in claim3

wherei n sai d fFRgtn&ELY e fisymetenng spge Hetgmaingdilladewia rynterist alblewing i r st
flight and whepein said second,baffles have a height .| ess than the height

of | 9ai d" secondd Tfcts BRI 288 perBinl ety Rbeicdbvhy Fhagdiall o 5
wherein sai d bgfidtbfSinks Fﬂﬁhdé@tﬁghrsﬁ%ﬂ foredd rfnhfe‘ﬂal%cks%{a?éé@gs @e&ﬁgﬁ s
i ncrease by one along sald length of said screw. 9. A single screw extruder
as set forthsicdeatamicenb2twhen giablsserdrihghhtiehe barrehc A deardneewased saithe f i r st
and second patterns alternate befween on two along said | ength of said

screw. 10. A sTREFRAIREIBEPEREESERTE PeagE%ﬁlqa@?&tﬁ TR ANG: the bampebrie Proded |
Por et SO |5 a5 LT g Aol 10 bRl 2l
passes through the blister ring 6 portion of screw 1. During operation blister-
ring 6 ensures that screw channel 3 in the first metering stage 4 remains filled
10 with material 20, wherein undercut barriers 2 effectively provide the splitting,
stretching and folding mixing described herein above. In addition, slots 60 on
blister ring 6 provide additional reorientation to the melt and thereby,
additional mixing. Blister ring 6 is especially useful in maintaining a balance '
of the material flux between the feed zone 9 and the first metering zone 4
15 which true for material 20 having poor feeding capabilities such as low bulk
density powders, for example.

The present invention will now be described with reference to the
specific examples shown in Figures 8 and 9, and Table 1. The undercut
barriers 2 are alternated between one and two in successive stages along the

20 channel 3 of the first metering zone 4 and second metering zone 5. In the area
of one undercut barrier 2, the barrier is placed at the middle of the channel 3,
that is midway between primary flight 10. In the areas where undercut
barriers 2 are located adjacent to one another, they are located at 1/3 and 2/3
of the channel width as measured between primary flight 10. The length 12 of

25 each barrier 2 spanned 0.5n D along the screw channel, where D is the screw
diameter along the primary flight 10, represented by 64, and is 2 2 inches in
the example shown. The barrier height 14 and width 13 are respectively 0.5H,
where H is the respective channel depth represented by 66 (or the height of

primary screw as shown in Figure 6), and in the example shown is 1/8 inch.




2 June 20~ 08CU05782 18 11. A single screw extruder as set fo2tlnée 20@3 aim 3
wherein said channel conprises a depth H and wherein said baffles have a
hei ght of abW@®003487 12 A single screw extruder as set fort RCTAISEP/24307 3
wherein said first metering stage conprises an aspect ratio of about 10.3
and said second netering stage conprises an aspect ration of about 7.8. 13.
A-m xing feature for a single screw extiuder conprising a blister ring
positioned on said screw having a plurality.of slots and | ands di sposed

t hereon; wherein said screw further conprises a plurality of baffles in a
predet erm ned H@\feta‘%b@&t B edl0es8f ﬁxeﬁfﬁ:@'ﬁ%}%lﬁ‘&r&%ﬂsﬁﬁéi&%{glﬁ@ﬁﬂ»‘iaﬁﬁa@o, _
plurality of non-overlapping rows of ‘parallel baffles arranged al ong said

| ength of sai dveeed),3 ahe7& respacivddnis the first endsecavd ireterpar settiopar s

equi di stant fromeither another said baffle or sajd screw flight. 14. A

mi xi ng f eat ur e dggcrdlaed herain aPRVe s RSREFtRARP & mushigreater than thet ofithe prionxi s

of rotation and erein i.ck.s|l ot s and id |l ands are parallel to each
other and are 5?%@%}' Bﬁ&lggi"éé 51(1"11.% e%%eaakl&gﬁgg to said. axis of rotation.
15. A mixing § eat ur erashiestér f‘iﬁgtéhs'a pFbAnBRtdlY mn@h@aﬁ@ac&l@mh@e 60.6pout 6
degrees. 16. A mxing feature das set"forth in claim14 wherein said slots

have a wi dt h ofindbsunair#sinedchsrereandhe bdepl Wallfarabitetblisget rimg: hEke and

wherein said | ands have g widith of abhout .2 inche,sl.A AMVENDED SHEET
. AHE. A[ . Af HF. A!dsmnﬁwnﬁ/s%tg? Afotied sechgns o withhreference to\Figure 8

. AFh, . A Z C
cal cal ca] ch] el iy En s AT b 42 SRRk ARLEPRST AR ThEE £ EE R
Wv*, [ vizupkf a\\lixiakhed aadiealbaaglcrradentdd Baksldaidcalsad Tabl sateddcal
aJ ca] ca] ca] ca] ca] ca]ca]ca]calca]ca]calJcalcal vi1111112] 2w222323t 333, 41 444405

q555% Ura7{ 77 screw 1 is about 6 degrees or 0.1 radian. Because of the relatively smail
"={vgkfa\Wca] ca] ca] cal ca] ca] ca] ca] ca] cal.ca] ca] ca] ca] ca] ca] ca] ca]ca] cal ca]
ca] ca] ca] ca] ca]mééug]lar}%&reﬁw&ﬁréaﬂréé@ﬂnﬁmﬁodmmt SLOWH in Figure g)

) WKYYZW \ X iy . A :

]QCS]_ CQé.] cal c\g} cé %Iﬁl]e ggﬁec%ff%g%g%g@g gaﬁ:%%@%?ggfg%ﬁc%ﬁ%]ae@ %g%gf{%?%%g%gg

dd' e3eNeSeeef qiyptrhal. | MEK#ekéless, the degree of reorientation from seconda

| kI Wi I nnnnn| wr mfic”Y] ] ] ca] ca] ca] ca] ca] %Ta] cal ca] ca] ca] ca] ca] ca] ceﬁlca] cal ca] ca

] ca] ca] ca] ca] capciatilatipndlova 27 ajbtaihed frarh¢hé barniers Proviclep ppexzeltantAr r r sZs
3uBuBuu$v<yvv_ v w nhch ) : ] [
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a] ca] ca] ca] ca] cpevdpashoat amjosal odfinee passirg-throogh. sottegliloléater ding 6, the tight
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Table 1. Design information for one embodiment of the screw of the present
invention having a 2.5 inch, 40:1 length/diameter ratio, two stage extruder

screw.
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Section Length, | Lead, # ot parallel Channel depth, | Flight width,
inch inch flights inch inch

Feeding 20 2.5 1 0.505 5/16
Transitio 27 25 1 To 0.235 5/16
n
1st 26 3.25 2 0.235 5/16
metering ‘

I Vent i 10 2.5 1 0.524 5/16

2nd 10.5 3.25 2 0.312 5/16

metering

Three blends of materials were extruded to validate mixing abilities of
the screw. The first blend, designated PC, is a mixture of polyestercarbonate
5 (PCE and polyetherimide (PEI) in the ratio of weight of 85:15 and the second
blend, designated PCE, is a mixture of PCE and PEI with weight ratio of 25:75.
A third blend, with applications in aerospace industries and designated PEI,
contained PEI, PC, PEI- siloxane copolvmer in the weight ratio of 75:21:4. The
values for individual components are presented in Table 2 below in terms of

10 shear viscosity in pascal seconds Pa-5 at 340°C.

Table 2. Shear viscosity of components.

Shear rate (1/s) PC PCE PE]
0 550 1000 1500
1000 450 680 650
15 The ratio of the viscosities of PCE and PEI is on the order of 1 as the

they ranged from 0.67 at zero shear rate to 1.05 at shear rate of 1031/s.
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1098 () - | 2w222323t 3dArEirgq bleogs guere cPmRgrIrged ysing the single extruder screw 1

5 shown in Figure 8 with prescribed barrel set temperature profiles. As
discussed herein above, the number of undercut barriers 2 resulted in a
degree of stream splitting, and overall mixing, which is contemplated to be
less than that which would be produced by the embodiment shown in Figure
5. The three blends were also compounded utilizing a modified double wave

10 screw as described herein above for the purpose of comparison of
performance. The modified double wave screw utilized is considered the best

performing single screw in the prior art in terms of mixing performance for .
the three blends.

15 Relative to the modified double wave screw operating at the same
conditions, the embodiment shown in Figures 8 and 9 demonstrated a 15-33%
increase in throughput. A maximum limit on throughput of the present
invention was not investigated while the compounding operation remained
very stable and there were no signs of surging. The power consumption in

20 terms of direct current (DC) amperes for the present invention was 20% lower
than the modified double wave screw. This reflects the low shear
environment offered by the disclosed screw. As described herein, the present

: invention includes undercut barriers 2 which result in mean peak shear rates

which are an order of magnitude less than those of the prior art.

As for the quality of mixing, as judged by morphology obtained using
scanning electron microscope (SEM) of the material obtained using the .
present invention, was either qualitatively similar to or better than that

obtained using modified double wave screw. No degradation of materials
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3. A single screw extruder for dispersive and distributive mixing,
said extruder comprising:

a screw having a length, said screw including a first metering
stage and a second metering stage thereon;

a first continuous flight having a helght and a width disposed in
said first metering stage which defines a first channel and having a plurality of
first baffles disposed therein in a first predetermined pattern; and

a second continuous flight having a height and a width disposed
in said second metering stage which defines a second channel and having a
plurality of second baffles disposed therein in a second predetermined
pattern; and
wherein said first and second predetermined patterns comprise a plurality of
non-overlapping rows of parallel baffles arranged along said length of said
screw, wherein each baffle in each row is spaced apart equidistant from either
another said baffle or said screw flight.
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said second metering stage, said blister ring having a plurality of slots and

lands disposed thereon.

5. A single screw extruder as set forth in claim 4 further comprising
a vent zone positioned between said blister ring and said second metering
stage.

6. A single screw extruder as set forth in claim 4 wherein said
screw includes an axis of rotation and wherein said slots and said lands are
parallel to each other and are disposed on said screw at an angle to said axis
of rotation.

7. A single screw extruder as set forth in claim 3 wherein said first
baffles have a height less than the height of said first flight and wherein said
second baffles have a height less than the height of said second flight.

8. A single screw extruder as set forth in claim 3 wherein said
baffles in each said row in said first and second patterns increase by one
along said length of said screw.

9. A single screw extruder as set forth in claim 3 wherein said
baffles in each said row in said first and second patterns alternate between
one and two along said length of said screw.

10. A single screw extruder as set forth in claim 3 wherein said

screw comprises an outside diameter D and wherein said baffles have a
length of about 0.5%D.
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13. A mixing feature for a single screw extruder comprising a blister
ring positioned on said screw having a plurality of slots and lands disposed
thereon; wherein said screw further comprises a plurality of baffles in a
predetermined pattern, wherein said predetermined pattern comprises a
plurality of non-overiapping rows of parallel baffles arranged along said length
of said screw, wherein each baffle in each row is spaced apart equidistant
from either another said baffle or said screw flight.

14. A mixing feature as set forth in claim 13 wherein said screw
includes an axis of rotation and wherein said slots and said lands are parallel
to each other and are disposed on said screw at an angle to said. axis of

rotation.

16. A mixing feature as set forth in claim 14 wherein said angle is

about 6 degrees.
16. A mixing feature as set forth in claim 14 wherein said slots have

) a width of about .25 inches and a depth of about .24 inches and whereln said
lands have a width of about .25 inches.

AMENDED SHEET




