- 1 - Mxing and Kneadi ng Machi ne M xi ng and kneadi ng nmachi nes of the kind
presently involved are enployed particularly for conpoundi ng bul k-fl owabl e,
~plastic and/or pasty nmasses. For 5 exanple, they serve processing

vi scous- pl asti c nmasses, honongeni zi ng amt-pl asticizing plastics, adm xing
‘filler and strengthner additives as well as the production of starting

materials for the food, c ' to .. and al um num i ndustry. The
wor ki ng nmenber of the m xpﬁg’i@%égngg%g‘%nlggﬁ%"r% is usually configured as
a so-called screw which forewards the material for 10processing axially. -
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vanes and pins are produced by conventional machining methods as turning,
‘mlling, electrical discharge )

In conventional mixing and kneading machines the working member merely
produces a rotational motion. In addition, mixing and kneading machines are
also known in which the working member rotates whilst af the same time

15 moving translationally. The motion profile of the working member is
characterized particularly by the main shaft executing a sinusoidal motion
overlying the rotation. This motion profile permits casing-mounting such fitted
items as kneader pins or kneader teeth. For this purpose the screw is flighted to
form discrete kneader vanes. The screw flights — kneader vanes — disposed on

20 the main shaft and the casing-mounted fitted items interaét in thus creating the
desired shear/mixing and kneading functions in the various processing zones.
Such mixing and kneading machines of the last-mentioned kind are known to
persons skilled in the art under the tradename Buss KO-KNEADER®

25  Hitherto, the main surfaces of the kneader vanes and pins are produced by
conventional machining methods as turning, milling, electrical discharge
machining, etc. in the present context, a main surface is the shell surface of a
kneader vane facing a kneader pin or that of a kneader pin facing a kneader
vane. The geometry of these elements materializes from an in-line arrangement

30 of flats, radii and curves. One drawback basic to such methods of machining is
that only relatively simple surface geometries can be generated, resulting in
characteristic shear and extensional flow fields which produce maximum shear

velocities between the moving kneader vanes and the static kneader pins at a



machining, etc. In the present context, a main surface is the shell surface
of a kneader vane facing a kneader pin or that of a kneader pin facing a
kneader vane. The geonetry of these elenents materializes froman in-line
arrangenment 30 of flats, radii and curves. One drawback basic to such

met hods of machining is that only relatiely sinple surface geonetries can
be generated, resulting in characteristic shear and extensional flow fields
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The object of the invention is thus fo sophisticate a mixing and kneading
15 machine of the kind as set forth in the preamble such that it satisfies these
additional requirements in that the geometry of the kneader vanes of the screw
and/or of the kneader pins can be adapted to desired properties so that, for
example, an enhanced mechanical energy input and/or varying the shear and
extensional flow zones generated in the working space and working the product

20 being processed is now achievable.

For this purpose, a mixing and kneading machine in accordance with the

invention as it reads from claim 1 is provided.

25 Since the main surfaces of the kneader vanes and/or kneader pins are
configured at least in part as freely formed surfaces, totally new means of
influencing, for instance, the gap remaining between a kneader vane and the

"corresponding kneader pin are now avéilable. In particular, the‘s’iZe and profile
. of this gap can now be Varied practically at random whilst taking into account

30 also the axial motion overlying the rotational motion.

The invention will now be detailled with reference to the drawings in which:



20 bei ng processed is now achi evable. For this purpose, a m xing and

kneadi ng nmachine in accordance with the invention as it reads fromclaim1l
is provided. 25 Since the nmain surfaces of the kneader vanes and/or kneader
pins are configured at least in part as freely fornmed surfaces, totally new.
means of influencing, for instance, the3yap remaini ng between a kneader
vane and the correspondi ng kneader pin are now available. In particular,

t he size ofile of thi : n V@l | Ecal ndom
whi | st taﬁl?fr%p{ nto accoun'tg éog’?' gﬁ@ gl ?}%eﬁﬁnn@l{dﬁ@ﬂw %gﬁ%ﬁé%gh?éﬁggi onal
motion. - 3 - FIG 1is amachie asishavnsitajrammaticallygh a m xi ng and

kneadi ng machi ne as shown di agrammatically; FIG 2is a cross-section

t hrough the m xi ng and kneadi ng nmachi ne 5as shown diagrammatically in FIG

1, FIG 3ig@gmnpill ustrati@ﬁ]é,tg,g\g/i_ t;bhthd@h%ﬁb%ixﬁ{'ﬁgafgﬁ%ﬁggg%achme

extensional flow zones in e product massas cause er vane
passi ng a kneader pin; 10assBwhidiagratmgticatlyeniFdG. M ustrati on show ng the
rotational notion
FIG. 3 is an illustration showing the characteristic shear and
extensional flow zones in the product mass as caused by a
kneader vane passing a kneader pin;
10
FIG. 4 is a diagrammatic illustration showing the rotational motion
between a kneader pin and a conventional kneader vane;

FIG. 5 is a diagrammatic illustration showing the rotational motion
15 between a kneader pin and a kneader vane configured in
accordance with the invention in a first embodiment;

FIG. 6 is a diagrammatic illustration showing the rotational motion
between a kneader pin and a kneader vane configured in
20 accordance with the invention in a second embodiment;

FIG. 7 is a diagrammatic illustration showing the rotational motion
between a kneader pin and a kneader vane configured in
accordance with the invention in a third embodiment;

25 . |
FiIGs. 810 11 - . are each a sectionwise first longitudinal section through the
~ mixing and kneading machine shown diagrammatically with
-differingly configured kneader vanes; . -~

30 FIG.12 - is a view in perspective of a screw module featuring
kneader vanes 4 configured in accordance with the

Jinvention, and



bet ween a kneader pin and a conventional kneader vane; FIG 5is a
diagrammatic illustration showing the rotational notion 15between a kneader
pin and a kneader vane configured in accordance with the invention in a
first enbodinment; FIG 6is a diagrammatic illustration show ng the
rotational notion -4 -between a kneader pin and a
kneader vane configured in 20accordance with the invention in a second
enbodi nent ; is a diagramatic illustration
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conflgured i n accordance mé "t, q éHBWﬁ‘Hi rougﬁléﬁygrlﬁ v@rﬂ@ﬁ‘i’h ial Sh&ll each

a sectionw se first longitu section m Xi ng and neadi ng
machi ne shown di agr anmat i sarfages\pf thajkriéaﬂerrvglnyascaquogﬁgedackdlé‘adaglyvanes
25 FIGs. 8 to 11

5 Referring now to FIG. 1 and FIG. 2 there is illustrated a longitudinal section and

 cross-section respectively through a mixing and kneading machine 1 as shown

diagrammatically as an aid in explaining the type of mixing and kneading

machines involved presently. The mixing and kneading machine 1 comprises a

working space 9 enclosed by a casing 2, the working space 9 accommodating a

10 rotating and translational moving working member 3. The working member 3 is

provided with kneader vanes 4 configured as screw flights circumferentially to

_create axial passage openings 5 for the kneader pins 6 fitted to the casing 2. As

evident from FIG. 2 the casing 2 preferably comprises two parts 2a, 2b provided

with temperature control drillings 7. In these temperature control drillings 7 a

15 liquid or gaseous medium circulates, serving to cool and/or heat the casing or

working space. The basic configuration of one such mixing and kneading
machine is known, for example, from CH 278,575.

The mixing and kneading machine 1 may in addition feature one or more baffle

20 rings 10 by means of which the product being processed is baffled defined
axial. Providing baffle rings is known, for example, from DE-A-2014693. In
conclusion, the casing may be lined with wear shells (not shown) designed for
facilitated reptacement. Providing wear shells is known, for example, from EP-
A-548,022.

25
Referring now to. FIG.. 3 there is illustrated diagrammatically the characteristic
shear and extensional flow zones in the product mass P as they occurin a -
mixing and kneading machine configured as per prior art due to a kneader vane
4 passing a kneader pin 6. The direction of rotation of the kneader vane 4 is

30 indicated by an arrowed ellipse 25 whilst the translatory motion of the kneader
vane 4 is indicated by a double arrow 26. As a resuit of the rotational motion of
the kneader vane 4 the tip thereof distributes the product mass P as indicated
by the arrows 11, 12. Between the kneader pin 6 and the main surface 23 of the -



- 4 - FIG. 13 to 1l6are each a cross-section through a m xing

and kneadi ng

machi ne 1 shown diagrammatically in which the radial shell surfaces of the

kneader vanes are configured differingly. Referring nowto FI
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‘between a kneader vane 4 and the passing kneader pin 6 can be influenced - -

30

kneader vane 4 illustrated. For simplicity, the kneader pins 6 are depicted as
round elements. The intention of this FIG. is to show the motion of a kneader
vanes 4 designed as per prior art relative to the adjoining kneader pin 6. For a
better overview, however, the motion profile is depicted kinematically reversed,
i.e. it being assumed that the kneader vane 4 is stationary whilst the kneader
pin 6 is moving on a sinusoidal path, resulting from the rotational motion of the
working member 3 overlying the translatory motion. As evident from this FiG.
there remains between the two main surfaces 23, 24 of the kneader vane 4 and
the passing kneader pin 6 a gap 16, the width and profile of which is dictated by
the geometry of the kneader vane 4, the associated kneader pin 6 and the axial
displacement of the rotating working member 3. Since the geometrical shape of
the main surfaces 23, 24 with a kneader vane 4 designed as per prior art

comprises solely flats, radii and simple linear curves, the shape of the gap 16

only to a limited extent, resulting in, for example, a maximum shear effect being

achievable only along a line.

These shear velocities at a maximum only on- a line per shear cycle were
sufficient only to a certain degree hitherto in some applications to enter the

shear deformations/energy dissipations. into the product. mass P being



vane 4 is indicated by a double arrow 26. As a result of the rotational

noti on of the kneader vane 4 the tip thereof distributes the product nmass P
as indicated by the arrows 11, 12. Between the kneader pin 6 and the nain
surface 23 of the - 5 - kneader vane 4 and the passing kneader vane 4
facing the kneader pin 6 there exists a@ap 8, the wdth of which varies
due to the rotational and translatory notion of the working nenber. In this

gap 8 a shear ' roduced i.n the product ss P as . ,s.indica
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at a maxi rkmacielr;plramfiesd thad haadmeehmchdm@elmee 4 and the passing kneader
pins 6 a free space 16a remains in the form of a uniform gap. In this case an
optimized shear effect is now achieved by the gap-type free space 16a,

20 between the main surfaces 23a, 24a of the kneader vane 4a and the passing
kneader pins 6, now featuring a relatively constant width and is relatively narrow
practically along each main surfaces 23a, 24a of the kneader vane 4a. The
dimension of the gap of this free space corresponds preferably to 0.005 to 0.03
times the nominal diameter of the working member of the corresponding mixing

25 and kneading machine.

Referring now to FIG. 6 there is illustrated diagrammatically the motion of the
kneader pins 6 relative to a further kneadér vane 4b designed in accordance
with the invention. Here too, the two main ‘su-rfaée’s- 23b, 24b of the kneader
30 vane 4b are again mainly configured as free formed surfaces so that a uniform
narrow gap 16b is followed by an flared free space 17b. The uniform narrow- - -
gap 16b forms in this case an intensive shear zone, whilst the flared free space i

- 17b results in a defined relaxation of the mass beirng processed.



sufficient only to a certain degree hitherto in sone applications to enter
t he shear deforrnations/energy dissipations into the product nmass P being
- 6 - processed, resulting in it possibly being needed to increase the

| ength of the working space 9 and thus al so the working nenber 3 or the
wanted result not being attained or rengfning unattainable. Wth
conventionally fornmed kneader vanes 4 / kneader pins 6 there is no way of
adapting the gap 16 and thus the 5 free volunme in the working space. The
sum of the free volunes substantially influence the dwell tines which
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t he |nvent|?r{ H?[ |0 Pe t WO mal surfaces 23b, 24b of the kneader
15" rotationalftranslational motion the neader vane ,ploughs® the product being
processed. Rounding the tips of the kneader vanes more or less permits
influencing the folding characteristic in that larger roundings tend to result more
in forewards pressures, smaller more in a cutting and/or folding action of the
product. Both variants and their intermediates can be made use of technically in
20 processing: forewards pressures -> energy dissipation, cutting -> surface

renewal for wetting and/or removing gas/air from the product being processed.

Referring now to FIGs. 8, 9, 10, and 11 there is illustrated in each case a
sectionwise longitudinal section through the mixing and kneading machine

25 shown diagrammatically, each depicting a kneader vane and a kneader pin in
cross-section.

- Referring now to to FIG. 8 there is illustrated a conventional kneader pin6and -~ -
a conventional kneader vane 4. As evident from this illustration there remains - -
30  between the main surface 23 of the kneader vane 4 and the passing kneader -
- .- pin.6 a gap-type free space 16, the width and contour of which is dictated by the -
. geometry of the kneader vane 4, the corresponding kneader pin 6 and the axial
- displacement of the rotating working member.-Since the geometric.shape of the -



30 vane 4b are again mainly configured as free fornmed surfaces so that a

uni formnarrow gap 16b is followed by an flared free space 17b. The uniform
narrow gap 16b forns in this case an intensive shear zone, whilst the
flared free space 17b results in a defined relaxation of the mass being
processed. - 7 - Referring nowto FIG-8-there is illustrated again
diagrammatically the notion of the kneader pins 6 relative to a further
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depi ct iﬁ]g a kneader vane and a kneader pin in cross-section. Referring now
to to G 8 there is illustrated a conventional kneader pin 6 and a

convent i ONRbHARGIRIw Y& TG 1 OAtﬁhe?é’ii@'ﬂlﬂfstrfaféﬁ%tﬁHe%dér'ﬂiﬁtdea&éané@%rs%er
remai ns 30 betweén the main surface 23 of the kneader vane 4 and the
passi ng knptiele@rpiim @rbigafionywihf ackirteacembodinnért ol d tkneadec ovansudeof

o 1 o HEHBE s B S GHE An el RO LA v B g 2 B0 0
Since the gROMEddeT Vit Se $6atuf€ a concave cross-section, resulting in this case too
20  in the gap being flared upwards between the main surface 23e of the kneader
vane 4e and the kneader pin 6e. This permits varying the shear deformation of
the product being processed down to the full depth in motion of the screw
module; the radially increasing peripheral velocities being compensated from
the core diameter to the outer diameter by over-proportionally adapting the free
25 space 16e by increasing the shear gap radially down to deeper and thus less

. arduous shearing actions.

Referring now to FIG. 11 there is illustrated -a " kneader pin 6f designed in-
" accordance with the invention in combination: with a kneader vane 4f aiso -
30 designed in accordance with the invention. The two facing main surfaces 24f,
25f of the kneader pin 6f and kneader vane 4f are adapted to each other such -
- that the radial gap 26f between the kneader pin 6f and the kneader vane 4f.is

‘more or less uniformly narrow, resulting in an intensive shear effect in the mass™



- 8 - min surface 23, 24 with a kneader vane 4 designed as per prior art
conprises solely flats, radii and sinple |linear curves, the shape of the
gap-type free space 16 between a kneader vane 4 and the passing kneader
pins 6 - as already commented - can be influenced only to a limted extent.
5 Referring nowto FIG 9 there is illusgrated a conventional kneader pin
6d designed as per prior art with a kneader vane 4d designed in a first
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the product b g processed constant down to the full depth in notion of

t he screw instedsingt pariphedalavelonitiesafsomg the coph giametas| tocthe evtasediageter
conpensated fromthe core di.anet t.o the ou ' r. b | e
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15 Refeerrgag ragiiya- obQo Righeheheat defdrmigiondt &t shi aasterinfinsives sieat gned
as per prior art in conbination with a further enbodi nent of a kneader vane
4e desi gnedéndglispnsreeaactensvi th the invention. The two main surfaces 23e,

24e of the kneader vane 4e feature a concave cross-section, resulting in
this case too 20 in the gap being flared upwards between the main surface

23e of theRef@fifgrnoee AG. 2l thére ksndlaskatad 8 seeew Thodulee2Tridomprising =g t he
shear deformation of the product being processed down to the full depth in

moti on of Phwaklyafknasser ¥anesca.aline sciew feeduls 24 s erevided yyith,andengs es
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Referring nowto FIG 11 there.is illustrated a knea(%er in 6f designed in
accor danceMaunted o8 the, eerirandiive sbaBi sevingnasithe guigiA a%ﬁ dpixgdMegrbarso 30

desi gned i : ] jan i i
2ar. 251 of NErayh SR EntAd affed 1 Richeort W rotfRis 7 18 B the bad 1S
ot her suchreplaced singly or in combination. In accordance with individual requirements
15 the modules can be differingly designed by, for instance, differingly designing
the main surfaces of the kneader vanes. Here in the present example the two

side main surfaces 23a, 24a of each kneader vane 4a are configured as free
formed surfaces by having no natural starting point at any point.

20  Such modules 27 can be also put to use for zoning the mixing and kneading
machine axial into differing process zones. Thus, modules having differingly
configured kneader vanes can be arranged in-line, whereby, of course, also the
kneader pins can be corresponding adapted by, for example, their free form
surfaces being configured differingly.

25

- Referring now to FIGs. 13 to 16 there is illustrated in each case a cross-section
through a mixing and kneading machine 1 shown diagrammatically, the working
member-3 of which is provided with differingly configured kneader'vanes' 4.

- These four example embodiments as shown differ particularly by the radial shell

30 surfaces of the kneader vanes as may be formed by free form surfaces. In this -
arrangement FIG. 13 shows -a conventional shape of a kneader vane 4 in which
a uniform radial gap 19 exists between the radial shell surface of each kneader

vane 4 and the inner side of the casing 2 enclosing the working space 9. In the.



that the radial gap 26f between the kneader pin 6f and the kneader vane 4f
Is nore or less uniformy narrow, resulting in an intensive shear effect in
the mass - 9 - being processed. This pernmits varying the shear deformation
of the product being processed down to the depth in notion of the screw
modul e; the radial increasing peripheraljguel ocities fromthe core di aneter
to the outer dianeter being adapted by tapering of the free space 16f -
reduction in size of the shear gap radially - i gher shear
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actual wor K| ng, ne 1S I e the drilve shaft ur It SUC
modul es. 27SGDHiRRY ardicieg 'é‘?n’?%‘?ﬁﬂSWSFa}ﬁQfﬁhe?éP\?Pﬁﬁd‘&athg ariReg am
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starting point at any point. 20 Such nodul es 27 can be also put to use for
zoni ng t heermboidirgeainia whlehdhagstmagram ard auortronsOoﬂea(ﬂ'ekne@d@rrmél amnes.

Thus, duI es hayvi.n i ff onfr ured kn r va ed
in-11 80 "o the snala! PO et P RRRE I MRS BB GBI
adapt ed byaré 05e@tesek €he nAiRing émererfcqréﬁ@ id &RFtdA RebpomRbl Glufdscrew
differingly. 25 Referring nowto FIGs. 13 to 16 there is illustrated in

each case moguiss 2758w geametiie shapas mcauna@yarﬁauinngatmmgabfaawermear baisEn
di agr ammat éff\ﬁllIAte& Inh?ht\fg) ra%hre%ng a singularly defined property profile remaining
constant over its full useful life.
15
By designing the kneader vanes and kneader pins, namely the two-side main
surfaces of the each kneader vane and the main surfaces of each kneader pin,
particularly the shear velocity distribution can be adapted radially. This now
makes it possible, amng other things, to use elements tailored in function as to
20  mass viscosity and the absolute peripheral velocity of the working member and

the kneader vanes arranged thereon respectively.

By the main surfaces of each kneader pin and/or kneader vane being
configured at least in part as free form surfaces both the radial and the axial
25  contour of the gap between each kneader pin and each kneader vane can now
be influenced practically in-any way needed in adapting to the wanted
requirements, namely as regards the shear/mixing and kneading functions.

In addition to configuring the main surfaces of the kneader pins and/or kneader

- 30 vanes also other elements of the mixing and kneading machine, of course, such
- as for instance the shell surface of the working member, the main surfaces of

the baffle rings as. well as the shell surfaces of wear shells can now be

. configured as free form .surfaces at least in part. It is also, of course, just as-



menber 3 of which is provided with differingly configured kneader vanes 4.
These four exanpl e enbodi nents as shown differ particularly by the radial
shell 30 surfaces of the kneader vanes as may be fornmed by free form
surfaces. In this arrangenent FIG 13 shows a conventional shape of a
kneader vane 4 in which a uniformradi afi{igap 19 exists between the radial
shel | surface of each kneader vane 4 and the inner side of the casing 2

encl osing the r ce 9. 0 )

oo e " 4PPRYBRE GmBRY Fodipriidral Sirtase Shapss B0 BRSO R Ea by

~ protuberanggd 2inple édivel @UMaCESs WifkPiBS femiYOPases.t hat a radial gap 199
varying in wwdth is forned, this protuberance 20 S|gn|f|cantly reduci ng the

radi ally generated shear peaks In the enbodi nent as 5 shown in FIG 15 the

o that tnbre e stioGimERE aROBREDed BB heE A e hrenaRhihdf .

shear and agvensikesait ﬁds@wﬁewt}eé nest elde i MaPoBifasss @ thet knééuhrewﬁérﬁeﬁs as
descri bed above. In conclusion, FIG 16 shows an _exanple enbodi nent in

whi ch the andioriafdhadeeader pm& fo gYcl Precrgsing agtiens agreomveykide sheafbdnded,
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emul ated in thus achieving a singularly defined property profile remaining
constant over its full useful life. 15 By designing the kneader vanes and

fﬂiaﬂi—fnpéﬁﬁ aﬁchggﬁ%]}’ungg%? pﬁ ggﬁﬂg%dr%;’cﬁ“hftﬁ&ﬁé iR’ whitth $PGhitsde AtiRTberage and
prescribed surface shapes were available. By combining these basic shapes
the process technical requirements in each case and the conventional
mechanical engineering possibilities are proximated in design and in
manufacturing techneclogy. The resuiting compromises defined the limits in
15 employing the technology hithereto. Full flexibility afforded by three-dimensional
geometric design minimizes the discrepency between theoretical, process-
technical action and the reality in converting them with the latest methods (both
as to design and in production technology). The invention expands in this sense
the operation window of existing fields of application in thus opening up new
20 applications hitherto not available or accessible by the full fiexibility afforded by

three-dimensional geometric design.

The mixing and kneading machine as described presently is particularly suitable
for compounding bulk-flowable, plastic and/or pasty masses, bulk-flowable

25 masses being understood to be, for example, powders, granulates, flakes etc,
whereby this listing is not intended to be conclusive in any way. - -



particularly the shear velocity distribution can be adapted radiallty.” This
now nakes it possible, amg other things, to use elenents tailored in
function as to 20 nass viscosity and the absol ute peripheral velocity of
the working nmenber and the kneader vanes arranged thereon respectively. By
the main surfaces of each kneader pin and/or ‘kneader vVane being configured"
at least in part as free formsurfaces both the radi‘al and the axial 25
contour of the gap between each kneader pin and each kneader vane can now
be influenced practically in any way needed in adapting to the wanted

requi renents, namely as regards the shear/nixing and kneadi ng functions.

n addltlon to configuring the main sutdaces of the kneader pins and/or
kneader gﬁgnes alsg other elements of the m xing and kneadi ng machi ne, of
cour se, P9 ®hst ance the shell surface of the working nenber, the
mai n surfaces of the baffle rings as well as the shel | surfaces of wear
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3. The mixing and kneading machine as set forth in claim 1 or 2, characterized in that
at least 2 main surface of one kneader vane of said kneader vanes facing one
kneader pin of said kneader pins is configured as a free form surface.

4, The mixing and kneading machine as set forth in any one of claims 1-3,
characterized in that at least a main surface of one kneader pin of said kneader pins
facing one kneader vane of said kneader vanes is configured as a free form
surface. l

5. The mixing and kneading machine as set forth in any one of claims 14,
characterized in that the main surfaces of the kneader vanes, of the kneader pins,
or of the kneader vanes and of the kneader pins are adapted to the translatory
motion of the working member such that the width and profile of a gap between the
kneader vanes and the kneader pins is such that at least one of: the shear actions;



20appl i cations hitherto not available or accessible by the full flexibility
af forded by three-di nensi onal geonetric design. The m xi ng and kneadi ng
machi ne as described presently is particularly suitable for conpounding
bul k-fl owabl e, plastic and/or pasty masses, bulk-flowable 25 nmasses bei ng
understood to be, for exanple, powders, granulates fl akes etc, whereby -
this listing i's not intended to be conclusive in any. way. - 12 - Waat is
clainmed is: A mxing and kneadi ng machi ne for conmpoundi ng at |east one of:
bul k- f 1 owabl e, plastlc and pasty nasses, .conprising a working space

encl osed by a casing, and a working nenber noving rotatingly and
translationally in the casing and proV|@ed w th kneader vanes and kneader

dt r ki
Char acter | ped e il idfe 36 oRbRddEadted: Mol alfions, At 86 Vgpadne
kneader pi ns, oﬁ'CfIQ'ﬂS watkingteemass heingqsocanskdis infliemckd eptireizegionmagimized.

. configured at |least in part as free fornmed surfaces. 2. The m xing and -

kneadi ng chine as set forth in claimi1, characterized in that the
thr ee- di mefsi onHe JWdReERg kneaging maghinesas sel fstholn ame ore e deaimsahss, of

the kneader pi neharsRferigéd Wakﬁﬂ@&ﬁ’@ﬁ sMﬁe&.@SOf%%% Qﬁeéd&?vgﬁbeﬁ%g nrlé the €

confi gured at | east art such t have I n no point at ural
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or 2, charact era-anifdrr gap BFomrid WRESIE 0DOBHG 0.03 tied @R AdmiRARIIdMAading/ane of
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set forth in any one of clainms 1-3, characterized in that at |least a nain

surface of yone meﬁ‘%g Bh k%aalgd gnsaléﬁﬁeder Sﬁoﬁﬁt{‘f'ﬁﬁ'rﬁ’ggone Kk eadﬁ{_ﬁvane of

sai d kneader vanes I s -configure ing and
kneadi ng machi ribatasteszad indhat khe mixiag pnd keeadingahachine chmprisestedaty tifefimged i n
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kneader vanes and of t nea pins are a mot i on
of the worki ng PsnPRef ﬂaq}@wa@wa@newmfmerkmdemmfam giffefingly epmfigired ween t he

kneader vanes apglvdriags kreasisioné,Ns 1S such that at |east one of: the shear

actions;

8. The mixing and kneading machine as set forth in any one of claims 1-7,
characterized in that the main surfaces of the kneader vanes, of the kneader pins,
or of the kneader vanes and of the kneader pins are configured at least in part such
that defined extensional flow zones materialize in the mass being processed.

9. The mixing and kneading machine as set forth in any one of claims 1-8,
characterized in that radial shell surfaces of the kneader vanes are configured at
least in part as free form surfaces.

10.  The mixing and kneading machine as set forth in any of one of claims 1-9,
characterized in that the main surfaces of at least part of the kneader vanes are
configured as sinusoidal surfaces.



- 13 - the mixing actions; the extensional actions; the folding actions;
and the kneadi ng actions, working the nass being processed is influenced,
optim zed, or maximzed. 6. The m xi ng and kneadi ng machi ne as set forth in
any one of clainms 1-5, characterized in that the main surface of each
kneader vane is adapted to the associated kneader pin such that between the
kneader pin and the kneader vane &uniformgap is formed -which is 0.005 to
0.03 tinmes the nom nal dianmeter of the working nenber of the corresponding
m xi ng and kneadi ng machi ne. 7. The m xi ng and kneadi ng machi ne as set
forth in any one of clains 1-6, characterlzed in that the m xing and
kneadi ng nmachi ne conprises axially dif fiéring - process zones and that the

mai n surfaggs t he.kneader v . of t he kneader
- vanes and g‘ﬁ th “%HE’&%P“@%‘.‘%@?% "Ecgpgrﬁsnﬁé&e%'gd?l r?—ﬂ? P ciaims J3% ous:
pracess zones.. ¢harapterized in thgt the dndim sartticeg ofrarclbasi @aetof $isd kiezideh ping aty one -
of claims 1-7, the main surfaces of .the kneader
vanes, of the kg}dgg@ﬁ&ég%%@&&.dai‘s@gt € kneader vanes and of the kneader pins
are conflgured at least in part such that defined extensional flow zones
materialize in the mass being processed. 9, The m xi ng and kneadi ng machi ne ..
as set forth in any one of clains 1-8, characterized in that radial shel
"surfaces of - the kneader- vanes are configured at least in part as free form:
surfaces. 10. The m xing and kneadi ng -nachine as set forth in any of one of .,
claims 1-9, characterized in that the main surfaces of at |east part of the
kneader vanes are configured as sinusoidal surfaces. -14- 11. The m xing
and kneadi ng machine as set forth in any one of clainms 1-10, characterized
in that the main surfaces of at |east part of the kneader pins are
configured as sinusoidal surfaces.
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