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(57) Abstract: A co-rotating self-cleaning multi-screw extruder with a speed ratio of 2.5 and an extruding method therefor are disclosed.
The screw mechanism comprises a center screw (5) and peripheral screws (4) which rotate in the same direction. The peripheral screws
(4) are each of a double threaded structure, and the center screw (5) is of a quintuple threaded structure. The rotation speed of the
peripheral screws (4) is 2.5 times that of the center screw (5), and the peripheral screws (4) are always meshed with the center screw
(5), whereas the adjacent peripheral screws (4) are intermittently meshed with each other. The extruding method therefor is as follows:
there is a periodically open space between adjacent peripheral screws (4), providing the periodical and intermittent mixing action, so
that material from different thread grooves is mixed with each other. Meanwhile, the topological chaos action, by which the material
is cut into two portions, is formed between the center screw (5) and the peripheral screws (4), and the chaos mixing is caused by the

[Continued on next page]



WO 2018/196274 A1 |00 OO

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KI, KN, KP,
KR,KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
—  of inventorship (Rule 4.17(iv))

Published:
—  with international search report (Art. 21(3))

random motion which is generated from the periodical changes of the channel, so that a periodical action of "compression-expansion” is
achieved. Furthermore, due to the tensile force field action caused by the differences in rotation speed between the center screw (5) and
the peripheral screws (4), the compression preheating and dispersion mixing of the material are achieved. The co-rotating self-cleaning
multi-screw extruder effectively improves the efficiency of conveying and mixing of materials.
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Co-rotating self-cleaning multi-screw extruder with speed ratio of 2.5 and extruding

method therefor

Technical Field
The present invention relates to the technique field of screw extrusion processing, in
particular to a co-rotating self-cleaning multi-screw extruder with a speed ratio of 2.5 and an

extruding method therefor.

Background Art

Provided with a self-cleaning function, co-rotating double threaded extruders are popular
apparatuses for mixing and processing. This type of apparatus usually comprises a barrel and two
identical screws, and the axes of the screws are arranged in parallel with the axis of the barrel. In
order to improve the mixing effect, multi threaded structures are frequently used to realize different
flow topology paths. For example, conventional co-rotating twin-screw extruders are often provided
with double threaded screws. From the view of the topology paths, three separate and independent
channels will be generated from this kind of structure, and the materials in the different channels
cannot be mixed with each other. As a result, when there is a fluctuation in constituents of processed
material at a feed port, there will be instability of product quality at a discharge port. The mixing of
the materials from the different channels can be realized only in kneading block sections. However,
the kneading block sections will lead to super high shear rates, existence of dead sections, abrupt
increases in energy consumption, degraded self-cleaning function and degradation of the materials
and so on. If open spaces are provided between the screws, the fluctuation in constituents of the
feeding material can be reduced significantly and the mixing between the different screws can be
enhanced, which compromises the self-cleaning function of screws.

On the other hand, in order to ensure the meshing movement between the screws,
multi-threaded screws will result in a decrease of the screw channel depth, which lead to the
decrease of the output. The two screws in conventional co-rotating twin-screws have the same
geometric shape and the volume of channels is same, which result in the lack of symmetry breaking
effect. It is commonly accepted that the meshing section plays a significant role in mixing
enhancement. However, there are no elongation effects owing to constant channel volume, while the
elongation effects are more efficient to achieve high-level melting and dispersive mixing. In
addition, the screw channels are always partially filled during the process, and the cross sections of
the screw grooves in a conventional twin-screw are constant, which results in a reduction in the
efficiency of melting and mixing. Therefore, high rotation speed is often applied to achieve a high
shear rate, at the same time the larger length-to-diameter ratio has to be adopted to extend the

residence time. With the increasing demand for high output and efficient mixing in the actual
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project, the above measures will lead to many problems, such as huge energy consumption, low
efficiency, degradation of materials, and so on.

In order to introduce the elongation action, it is necessary to adopt different shapes of
screws and provide speed difference between screws. Recent studies have revealed that periodic and
intermittent actions can greatly improve the effect of mixing. If a pair of screws remain in contact
with each other for some time during one rotation cycle, and do not remain in contact with each
other for the rest of the cycle, periodic and intermittent effects can be introduced. The development
of such novel screws will open up a new way to enhance mixing. Moreover, in the premise of
keeping the self-cleaning function, constructing open spaces between co-rotating screws with
different speed ratios is a key to advancing current mixing and melting effects in polymer

processing.

Summary of the Invention

In order to overcome deficiencies in the prior art, the present invention provides a
co-rotating self-cleaning multi-screw extruder with a speed ratio of 2.5, which takes full advantages
of mutual mixing between screws,the action of the elongational force field, and periodic and
intermittent action to improve the processing and mixing efficiency of materials.

Another purpose of the present invention is to provide an extruding method for the above
co-rotating self-cleaning multi-screw extruder with a speed ratio of 2.5.

The technical solution of the present invention is: a co-rotating self-cleaning multi-screw
extruder with a speed ratio of 2.5, comprising a barrel and a screw mechanism installed in an inner
cavity of the barrel, wherein the screw mechanism comprises a center screw and at least two
peripheral screws; the peripheral screws are each of a double threaded structure, and the center
screw 1s of a quintuple threaded structure; the peripheral screws rotate in the same direction as the
center screw, the rotation speed of each peripheral screw is 2.5 times that of the center screw; and
the peripheral screws are always meshed with the center screw during the rotation of the screw
mechanism, whereas the adjacent peripheral screws are intermittently meshed with each other. The
surface of the center screw and the surfaces of peripheral screws are always in contact in the
extruder of this structure during the rotation process of the screw mechanism, which can achieve the
self-cleaning function, while the surfaces of adjacent two peripheral screws remain in contact for
some time during the rotation, and there is clearance in the remaining time. Such a structure can
allow the mixing of materials from different screw grooves, and also takes advantage of the periodic
and intermittent actions to improve melting and mixing effects. The speed ratio of the peripheral
screws and the center screw is 2.5, which is the only choice in the case of the different rotating
speeds of the screw mechanism. Only when the speed ratio is 2.5, can the center distances between

the peripheral screws and the center screw be ensured consistent and an angle formed by the long



WO 2018/196274 PCT/CN2017/103121
3

axis of the cross section of any two adjacent peripheral screws be kept at 90 degrees angle, so as to
avoid interference phenomenon when they mesh with each other.

As a preferred embodiment, the screw mechanism comprises a center screw and six
peripheral screws, and the six peripheral screws are evenly distributed along the outer
circumferential direction of the center screw; outer contour lines of the six peripheral screws are
tangent to an inner wall of the barrel, and a material conveying channel is formed between the
screw mechanism and the inner cavity of the barrel.

Cross section contours of the center screw and the peripheral screws are respectively
formed of multiple connected sections of curved arcs, there are 20 sections of curved arcs that form
the cross section contour of the center screw, and there are 8 sections of curved arcs that form the
cross section contour of the peripheral screw.

The maximum outer diameter of the center screw and each peripheral screw is D, the
minimum inner diameter thereof is d, D/d = 1.1-1.5, and the screw lead is 0.01D-100000D.

A cross section contour of the central screw is pentagonal overall, all the peripheral screws
have the same structure, and the cross section contour of the peripheral screw is ellipse overall.

The curved arcs successively connected to form the cross section contour of the center
screw are NIN2, N2N3, N3N4, N4NS5, N5N6, N6N7, N7N8, NSN9, N9N10, N10ON11, N11N12,
NI12N13, N13N14, N14N15, NI5N16, N16N17, N17N18, N18N19, N19N20 and N20N1, of which
N2N3, N6N7, N1ON11, N14N15, N18N19, NANS, N8N9, N12N13, N16N17 and N20N1 are all
circular curves, and the rest are all non-circular curves.

The curved arcs successively connected to form the cross section contour of the peripheral
screw are M1M2, M2M3, M3M4, M4M5, M5M6, M6M7, M7M8 and M8M1, of which M2M3,

M6M7 , M4M5 and M8M1 are all circular curves, and the rest are all non-circular curves.

As another preferred embodiment, the screw mechanism comprises a center screw and two
peripheral screws, the two peripheral screws are distributed on the same outer side of the center
screw, and connecting lines between centers of the center screw and two peripheral screws form an
equilateral triangle in the cross-sectional profile of the screw mechanism.

The barrel is provided with a conveying section, a melting section, an exhaust section and a
mixing and extruding section which are arranged in sequence along a material conveying direction;
the conveying section is provided with a feed port in communication with the inner cavity of the
barrel, the exhaust section is provided with an exhaust port in communication with the inner cavity
of the barrel, and an end of the mixing and extruding section is provided with a discharge port.

The extruding method for the above-described co-rotating self-cleaning multi-screw
extruder with a speed ratio of 2.5 is as follows: after the material enters the inner cavity of the barrel,

the material is continuously conveyed forward under the driving action of the screw mechanism;
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during the conveying process, there is a periodically open space between every two adjacent
peripheral screws, providing the periodical and intermittent mixing action in the screw mechanism,
so that material from different thread grooves is mixed with each other; meanwhile, the topological
chaos action, by which the material is cut into two portions, is formed between the center screw and
the peripheral screws, and the chaos mixing is caused by the random motion which is generated
from the periodical changes of the channel, so that a periodical action of
“compression-expansion-recompression-reexpansion” is achieved in the entire material conveying
channel formed between the screw mechanism and the inner cavity of barrel; furthermore, due to
the tensile force field action caused by the differences in rotation speed between the center screw
and the peripheral screws, the compression preheating and dispersion mixing of the material are
achieved.

In the method described above, the specific process for conveying the material in the barrel
is as follows:

(1) after the material enters a channel of the conveying section from the feed port, the
center screw and the peripheral screws rotate in the same direction around respective axes; the
material is conveyed to the melt section under the action of both an axial positive displacement
conveying force and a frictional force between the center screw and the peripheral screws; at the
same time, the mixing of material constituents from different thread grooves is achieved through a
periodically open space between the adjacent peripheral screws;

(2) when the material moves to a channel in the melting section, the channel formed by
meshing of the center screw and the peripheral screws are cut into two, and heat transfer is
enhanced due to the resulted interface regeneration, while the material is compressed and squeezed
due to the speed difference between the center screw and the peripheral screws and space
compression, thereby achieving the pre-melting of the material, and the material is further melted
due to combined action of friction heat generated by the high speed rotation of the center screw and
the peripheral screws and external heating of the barrel, such that the material is turned into melt;

(3) after the melted material enters a channel of the exhaust section, the periodically open
space is formed between thread grooves of adjacent peripheral screws, and the space is directly in
communication with thread groove channels of the center screw, thus achieving the direct discharge
of gases from the central screw, the channels of the screw mechanism are in communication with
each other such that there are no independent and separate channels, and exhausting surface area of
the material is increased, furthermore, the difference of rotation speeds and the variation of material
ridges in different thread grooves between the center screw and the peripheral screws accelerate the
discharge of gas from the exhaust port, meanwhile, the melted material is further moved in the
direction of the mixing and extruding section due to the conveying action of the screw mechanism;

and
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(4) when the melted material enters a channel of the mixing and extruding section, the
melted material is subjected to the topological chaos action, by which same is cut into two portions,
caused by the channel formed between the center screw and the peripheral screws, and to the
intermittent action caused by the periodically open space between the adjacent peripheral screws,
such that the chaos mixing caused by the random motion is achieved; furthermore, due to the
periodic “compression-expansion” action generated in the channel formed by the adjacent
peripheral screws, and the action of different rotation speeds of the center screw and the peripheral
screws, the melted material is mixed and plasticized, thus the melted material is stably extruded
from the discharge port; meanwhile, the peripheral screws and the center screw wipe each other so
that the self-cleaning effect is achieved.

Compared with the prior art, the present invention has the following advantages and
beneficial effects:

1. Within the present invention of a co-rotating self-cleaning multi-screw extruder with a
speed ratio of 2.5, the center screw is surrounded by peripheral screws, and the rotation speed of
peripheral screws is 2.5 times that of the center screw. There exists an periodically open space
between each two adjacent double threaded screws, so that the materials from different screw
grooves are mixed, which effectively solves the instability of product quality caused by the
fluctuations of raw material composition.

2. The present invention of a co-rotating self-cleaning multi-screw extruder with a speed
ratio of 2.5 uses three kinds of mixing enhancing mechanisms: (1) the periodic and intermittent
actions are provided by the periodically open spaces between each two adjacent peripheral screws,
achieving the mixing of forward conveyed material from the different screw channels; (2) the
topological chaos action by which materials are cut into two portions is formed by the channels
between the center screw and the peripheral screws, and the chaotic mixing is caused by the
randomness introduced by the periodical changes of the conveying channels; (3) the periodic
“compression-expansion-recompression-reexpansion” actions achieved by the conveying channels
and the actions of different rotation speeds of the quintuple threaded screw and the double threaded
screw bring the elongation force field mechanism, which achieve the compressed preheating and
dispersive mixing effectively; as a result, the mixing and heat transferring process are significantly
enhanced, the heating and mechanical processes of plasticization are greatly shorten, the effects of
lowering energy consumption is significant in the present invention.

3. Within the present invention of a co-rotating self-cleaning multi-screw extruder with a
speed ratio of 2.5, each peripheral screw meshes with the center screw and rotates in same direction
at different rotation speeds with the center screw. Each two adjacent peripheral screws sometimes
mesh and sometimes separate. The wiping effects between screws achieve the self-cleaning function

during the processing.
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4. The co-rotating self-cleaning multi-screw extruder with a speed ratio of 2.5 in the
present invention takes full advantages of the powerful conveying ability of multi-screws, increases
the conveying efficiency of solid conveying, and meets the requirements of large output; there exist
the periodically intermittent actions and elongation force fields, which fully increase intensity and
effects of mixing, have significantly outstanding effects of the distributive and dispersive mixing,
greatly improve the self-cleaning functions during the processing without using the kneading block,
achieve much narrower residence time distributions during processing, improve the efficiency and
effects of processing, and are especially suitable for the processing of high output or nanometer

materials.

Brief Description of the Drawings

FIG. 1 is a structural schematic view of the cross section of the screw mechanism and the barrel
in example 1.

FIG. 2 is a cross section view along A-A direction in FIG. 1 of example 1.

FIG. 3 is a three-dimensional structural schematic view of the screw mechanism in example 1.

FIG. 4 is a structural schematic view of the cross section of peripheral screws in example 1.

FIG. 5 is a structural schematic view of the cross section of a center screw in example 1.

FIG. 6 is a structural schematic view of the cross section of a screw mechanism in example 2.

FIG. 7 is a three-dimensional structural schematic vie of the screw mechanism in example 2.

FIG. 8 is a structural schematic view of the cross section of a screw mechanism in example 3.

FIG. 9 is a three-dimensional structural schematic vie of the screw mechanism in example 3.

Detailed Description of Embodiments

The present invention is further described in detail below with reference to examples and
figures; however, the embodiments of the present invention are not limited thereto.

Example 1

As shown in FIGs. 1-5, a co-rotating self-cleaning multi-screw extruder with a speed ratio
of 2.5 of the present invention comprises a barrel 1 and a screw mechanism; the barrel is provided
with an inner cavity, the screw mechanism is installed in the inner cavity of the barrel, and the
screw mechanism comprises a center screw 5 and peripheral screws 4. The peripheral screws mesh
with the center screw, the outermost edges of the peripheral screws are all tangent to the inner wall
of inner cavity; each two adjacent peripheral screws sometimes mesh with and sometimes separate
from each other, and this combination takes full advantages of the periodic and intermittent effects
on mixing and melting; channels are formed between the peripheral screws, the center screw and
the inner cavity of the barrel. The cross section contour of each peripheral screw is formed of 4

sections of circular arcs and 4 sections of non-circular curved arcs as shown in FIG. 4. The cross
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section contour of the center screw is formed of 10 sections of circular arcs and 10 sections of
non-circular curved arcs as shown in FIG. 5. The peripheral screws are each of a double threaded
structure, and the center screw is of a quintuple threaded structure; when the peripheral screws
rotate in the same direction as the center screw, the periphery screws rotate in the same direction
and at the same speed, and the rotation speed of each peripheral screw is 2.5 times that of the center
screw; and the peripheral screws are always meshed with the center screw during the rotation of the
screw mechanism to achieve the self-cleaning effects. As shown in FIG. 1, the inner cavity of the
barrel comprises six cylindrical grooves in communication with each other.

As shown in FIG. 2, the barrel is provided with a conveying section 7, a melting section 8§,
an exhaust section 9 and a mixing and extruding section 10 which are arranged in sequence along a
material conveying direction; the conveying section is provided with a feed port 2 in
communication with the inner cavity of the barrel, the exhaust section is provided with an exhaust
port 3 in communication with the inner cavity of the barrel; and an end of the mixing and extruding
section is provided with a discharge port 6.

As shown in FIG. 1, supposing the distance between the rotation center O2 of the
peripheral screw 4 and the rotation center O1 of the central screw 5 is C, the largest outer diameter
of the peripheral screws and center screw is D, and the smallest inner diameter is d, the inner
diameter d of the screws is:

d=2C-D.

The cross section contour of each peripheral screw in the screw mechanism comprises 8
sections of curves, MIM2, M2M3, M3M4, M4M5, M5M6, M6M7, M7MS8 and M8M1, as shown in
FIG. 4; more particularly, the central angle of curve MIM2 is:

Defining O2M1 as the polar axis with a given auxiliary angle , and when  meets the

following conditions,

the polar angle is obtained which satisfies the definition of the equation:

and then the polar radius of curve M1M2 satisfies the following equation:

wherein, curves M2M3 and M6M?7 are circular curves, the radii are D/2, and the given
corresponding central angles are both . Curves M4MS5 and M8M1 are also circular curves, the
radii are d/2, and the corresponding central angles are both

Making O2y pass through the center point of the circular arc M2M3, as a result, the
circular arcs of M3M4 and M1M2 are symmetrical about O2y.

Making O2x pass through the center point of the circular arc M6M7, as a result, the
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circular arcs of M7M8 and M1IM2 are symmetrical about O2x. Likewise, curves M5SM6 and M3M4
are symmetrical about O2x.

As shown in FIG. 5, the cross section contour of the center screw comprises 20 sections of
curves: NIN2, N2N3, N3N4, N4N5, N5N6, N6N7, N7N8, N8N9, NON10, NION11, N1IN12,
NI2N13, N13N14, N14N15, NI5N16, N16N17, N17N18, N18N19, N19N20 and N20N1. The

central angle of curve N1N2 is:

Defining O1N1 as the polar axis, when the given auxiliary angle  satisfies:

the polar angle can be defined as:

and curve N1N2 satisfies the following equation:

Curves N2N3, N6N7, N10ON11, N14N15, and N18N19 are circular curves, the radii are D/2,
and their corresponding central angles are . In contrast, the curved arcs of N4N5, N§N9, N12N13,
N16N17and N20N1 are also circular curves, the radii are d/2, and the corresponding central angles
are

Furthermore, the curved arc NSN6 is obtained by the curved arc N1N2 counterclockwise
rotating by an angle of 72°around the rotation center point O1. The curved arc N9N10 is obtained
by the curved arc N1IN2 counterclockwise rotating by an angle of 144° around O1. The curved arc
N13N14 is obtained by the curved arc N1N2 clockwise rotating by an angle of 144° around O1. The
curved arc N17N18 is obtained by the curved arc NIN2 clockwise rotating by an angle of 72°
around O1.

Making Olx pass through the center point of the circular arc of N20N1, the curved arc
N19N20 and NIN2 are symmetrical about O1x. Likewise, the curved arc N3N4 is obtained by the
curved arc N19N20 counterclockwise rotating by an angle of 72° around the rotation center point
O1. The curved arc N7N8 is obtained by the curved arc N19N20 counterclockwise rotating around
O1. The curved arc N11N12 is obtained by the curved arc N19N20 clockwise rotating by an angle
of 144° around O1. The curved arc N15N16 is obtained by the curved arc N19N20 clockwise
rotating by an angle of 72° around O1.

Meanwhile, D/d = 1.1-1.5 and the screw pitch is equal to 0.01D-100000D.

The extruding method implemented by means of the above-described co-rotating
self-cleaning multi-screw extruder with a speed ratio of 2.5 comprises the following steps:

(1) after the material enters a channel of the conveying section from the feed port, the
center screw and the peripheral screws rotate in the same direction around respective axes; the

material is conveyed to the melt section under the action of both an axial positive displacement
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conveying force and a frictional force between the center screw and the peripheral screws; at the
same time, the mixing of material constituents from different thread grooves is achieved through a
periodically open space between the adjacent peripheral screws;

(2) when the material moves to a channel in the melting section, the channel formed by
meshing of the center screw and the peripheral screws are cut into two, and heat transfer is
enhanced due to the resulted interface regeneration, while the material is compressed and squeezed
due to the speed difference between the center screw and the peripheral screws and space
compression, thereby achieving the pre-melting of the material, and the material is further melted
due to combined action of friction heat generated by the high speed rotation of the screws and
external heating of the barrel, such that the material is turned into melt;

(3) after the melted material enters a channel of the exhaust section, the periodically open
space is formed between thread grooves of adjacent peripheral screws, and the space is directly in
communication with thread groove channels of the center screw, thus achieving the direct discharge
of gases from the central screw, the channels of the screw sets are in communication with each other
such that there are no independent and separate channels, and exhausting surface area of the
material is significantly increased, furthermore, the difference in rotation speeds and the variation of
material ridges in different thread grooves between the center screw and the peripheral screws
accelerate the discharge of gas from the exhaust port, meanwhile, the melted material is further
moved in the direction of the mixing and extruding section due to the conveying action of the screw
mechanism; and

(4) when the melted material enters a channel of the mixing and extruding section, the
melted material is subjected to the topological chaos action, by which same is cut into two portions,
caused by the channel formed between the screws, and to the intermittent action caused by the
periodically open space between the adjacent peripheral screws, such that the chaos mixing caused
by the random motion is achieved; furthermore, due to the periodic compression-expansion action
generated in the channel formed by the adjacent peripheral screws, and the action of different
rotation speeds of the center screw and the peripheral screws, the melted material is mixed and
plasticized, thus the melted material is stably extruded from the discharge port; meanwhile, the
peripheral screws and the center screw wipe each other so that the self-cleaning effect is achieved.

Example 2

The differences of the co-rotating self-cleaning multi-screw extruder with a speed ratio of
2.5 in this example compared with that of example 1 are: as shown in FIG. 6 or 7, the screw
mechanism comprises two peripheral screws and a center screw, the two peripheral screws are
distributed on the same outer side of the center screw, and connecting lines between centers of the
center screw and two peripheral screws form an equilateral triangle in the cross-sectional profile of

the screw mechanism.
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Example 3

The differences of the co-rotating self-cleaning multi-screw extruder with a speed ratio of
2.5 in this example compared with that of example 1 are: as shown in FIG. 8 or 9, the screw
mechanism comprises two peripheral screws and a center screw, the two peripheral screws are
distributed below the center screw, and connecting lines between centers of the center screw and
two peripheral screws form an equilateral triangle in the cross-sectional profile of the screw
mechanism.

The present invention can be favourably implemented as stated above. The above examples
are preferred embodiments of the present invention; however, the embodiments of the present
invention are not limited by the above examples, and any other alteration, modification, substitution,
combination and simplification made without departing from the spiritual essence and principle of
the present invention are equivalent replacements and fall within the scope of protection of the

present invention.
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What is claimed is:

1. A co-rotating self-cleaning multi-screw extruder with a speed ratio of 2.5 comprising a barrel and
a screw mechanism installed in an inner cavity of the barrel, wherein the screw mechanism
comprises a center screw and at least two peripheral screws; the peripheral screws are both of a
double threaded structure, and the center screw is of a quintuple threaded structure; the peripheral
screws rotate in the same direction as the center screw, the rotation speed of each peripheral screw
is 2.5 times that of the center screw; and the peripheral screws are always meshed with the center
screw during the rotation of the screw mechanism, whereas the adjacent peripheral screws are

intermittently meshed.

2. The co-rotating self-cleaning multi-screw extruder with a speed ratio of 2.5 according to claim 1,
wherein the screw mechanism comprises a center screw and six peripheral screws, and the six
peripheral screws are evenly distributed along the outer circumferential direction of the center
screw; outer contour lines of the six peripheral screws are tangent to an inner wall of the barrel, and
a material transport channel is formed between the screw mechanism and the inner cavity of the

barrel.

3. The co-rotating self-cleaning multi-screw extruder with a speed ratio of 2.5 according to claim 1,
wherein cross section contours of the center screw and the peripheral screws are respectively
formed of multiple connected sections of curved arcs, there are 20 sections of curve arcs that form
the cross section contour of the center screw, and there are 8 sections of curve arcs that form the

cross section contour of the peripheral screw.

4. The co-rotating self-cleaning multi-screw extruder with a speed ratio of 2.5 according to claim 3,
wherein the maximum outer diameter of the center screw and each peripheral screw is D, the

minimum inner diameter thereof is d, D/d=1.1-1.5, and the screw lead is 0.01D-100000D.

5. The co-rotating self-cleaning multi-screw extruder with a speed ratio of 2.5 according to claim 3,
wherein a cross section contour of the central screw 1s pentagonal in its entirety, all the peripheral
screws have the same structure, and the cross section contour of the peripheral screw is ellipse in its

entirety.

6. The co-rotating self-cleaning multi-screw extruder with a speed ratio of 2.5 according to claim 3,
wherein the curved arcs successively connected to form the cross section contour of the center
screw are N1N2, N2N3, N3N4, N4N5, N5SN6, N6N7, N7N&, NEN9, N9N10, NION11, N11N12,
NI12N13, N13N14, N14N15, N15N16, N16N17, N17N18, N18N19, N19N20 and N20N1, among
them, N2N3, N6N7, N1ION11, N14N15, NI8N19, N4N5, N8N9, N12N13, N16N17 and N20N1 are

all circular curves;
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the curved arcs of the center screw successively connected to form the cross section contour of
the peripheral screw are M1IM2. M2M3. M3M4., M4M5. M5M6. M6M7. M7M8 and M8M1;
among them, M2M3. M6M7 . M4MS5 and M8MI1 are all circular curves.

7. The co-rotating self-cleaning multi-screw extruder with a speed ratio of 2.5 according to claim 1,
wherein the screw mechanism comprises a center screw and two peripheral screws, the two
peripheral screws are distributed on the same outer side of the center screw, and connecting lines
between centers of the center screw and two peripheral screws form a equilateral triangle in the

cross-sectional profile of the screw mechanism.

8. The co-rotating self-cleaning multi-screw extruder with a speed ratio of 2.5 according to claim 1,
wherein the barrel is provided with a conveying section, a melting section, an exhaust section and a
mixing extrusion section, and the conveying section, the melting section, the exhaust section and
the mixing extruding section are arranged in sequence along a material conveying direction; the
conveying section is provided with a feed port in communication with the inner cavity of the barrel,
the exhaust section is provided with an exhaust port in communication with the inner cavity of the

barrel, and an end of the mixing extruding section is provided with a discharge port.

9. An extruding method for the co-rotating self-cleaning multi-screw extruder with a speed ratio of

2.5 according to one of claims 1-8, wherein

after the material enters the inner cavity of the barrel, the material continuously conveys forward
under the drive of the screw mechanism; during the conveying process, there is a periodically open
space between each adjacent peripheral screws, providing the periodical and intermittent mixing
action in the screw mechanism, so that material from different thread grooves is mixed with each
other; meanwhile, due to the topological chaos cutting into two action formed between the center
screw and the peripheral screws, and the chaos mixing caused by the random motion which is
generated {rom the periodical changes of the passageway, the entire material conveying passageway
is formed between the screw mechanism and the inner cavity of barrel, thus achieving the periodical
action of “compression- expansion- recompression- reexpansion”; furthermore, due to the tensile
force field action brought by the differences of the rotation speed between the center screw and the
peripheral screw, the compression preheating and dispersion mixing of the material are achieved.10.
The extruding method for the co-rotating self-cleaning multi-screw extruder with a speed ratio of
2.5 according to claim 9, wherein the specific process for conveying the material in the barrel is as

follows:

(1) after the material enters a passageway of the conveying section from the feed port, the center
screw and the peripheral screws rotate in the same direction around respective axes; the material is

conveyed to the melt section under the action of both an axial positive displacement conveying
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force and a frictional force between the center screw and the peripheral screws; at the same time,
the mixing of material constituents from different thread grooves is achieved through a periodically

open space between the adjacent peripheral screws;

(2) when the material moves to a passageway in the melting section, the passageway formed by
meshing of the center screw and the peripheral screws are cut into two, and heat transfer is
enhanced due to the resulted interface regeneration, while the material is compressed and squeezed
due to the speed difference between the center screw and the peripheral screws and space
compression, thereby achieving the pre-melting of the material, and the material is further melted
due to combined action of friction heat generated by the high speed rotation of the center screw and

the peripheral screws and external heating of the barrel, such that the material is turned into melt;

(3) after the melted material enters a passageway of the exhaust section, the periodically-open space
is formed between thread grooves of adjacent peripheral screws, and the space is directly in
communication with thread groove passageway of the center screw, thus achieving the direct
discharge of gases from the central screw, the passageways of the screw mechanism are in
communication with each other such that there are no independent and separate passageways, and
exhausting surface area of the material is increased, furthermore, the difference of rotation speeds
and the variation of material ridges in different thread grooves between the center screw and the
peripheral screws accelerate the discharge of gas from the exhaust port, meanwhile, the melted
material is further moved in the direction of the mixing extrusion section due to the conveying

action of the screw mechanism;

(4) When the melted material enters a passageway of the mixing extrusion section, the melted
material is under the topological chaos cutting into two action caused by the passageway formed
between the center screw and the peripheral screws, and under the intermittent action caused by the
periodically open space between the adjacent peripheral screws, thus the chaos mixing caused by
the random motion is achieved; furthermore, due to the periodic “compression- expansion” action
generated from the passageway formed by the adjacent peripheral screws, and the action of
different rotation speed of the center screw and the peripheral screws, the melted material is mixed
and plasticized, thus the melted material is stably extruded from the discharge port; meanwhile,
the peripheral screws and the center screw wipe each other so that the self-cleaning effect is

achieved.



WO 2018/196274 PCT/CN2017/103121
1/5

A \/\f
\\\\/ Y4
. //////,%

- \
Jo)) a

Fig. 2



PCT/CN2017/103121

WO 2018/196274

2/5




WO 2018/196274 PCT/CN2017/103121
3/5

| | 3]




WO 2018/196274







INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2017/103121

A. CLASSIFICATION OF SUBJECT MATTER

B29C 47/60(2006.01)i; B29C 47/40(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B29C 47

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

VEN,CNKI,CNABS: center,centre,main,screw,multi-screw,multiple rotation,speed, self-cleaning

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

PX
(2017-07-07)
claims 1-10

CN 106926430 A (UNIV GUANGDONG LIGHE IND INST TECHNOLOGY) 07 July 2017

1-10

2010 (2010-09-08)

CN 101823327 A (UNIV GUANGDONG LIGHE IND INST TECHNOLOGY) 08 September

description, paragraphs [0041] and [0051]-[0055]

2010 (2010-09-22)
description, paragraphs [0044]-[0058]

CN 101837633 A (UNIV GUANGDONG LIGHE IND INST TECHNOLOGY) 22 September

D Further documents are listed in the continuation of Box C.

See patent family annex.

*  Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E earlier application or patent but published on or after the international
filing date

“1* document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“p” document published prior to the international filing date but later than
the priority date claimed

«T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

“X document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

«y” document of particular rele\_/ance;_the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

100088
China

Facsimile No. (86-10)62019451

24 January 2018 30 January 2018
Name and mailing address of the ISA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing LIU,Xinjie

Telephone No. (86-10)62084972

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2017/103121

Patent document Publication date

Patent family member(s) Publication date

cited in search report (day/month/year) (day/month/year)
CN 106926430 A 07 July 2017 None
CN 101823327 A 08 September 2010 CN 101823327 B 25 July 2012
CN 101837633 A 22 September 2010 CN 101837633 B 27 June 2012

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report

