‘United States Patent 1191 © une . Re 28901

Kim - ' - [45] Reissued July 13, 1976
[54] APPARATUS FOR REFINING POLYMERIC 2,746,089  5/1956 . Hendry........ et 425/379 X
 MATERIAL | - 3271,819 9/1966 Lacher....coceciiveeerrnreereennenn, 1259/191
. - _ - 3,650,652 3/1972° Drayetal......... erreveneaenaaans . 425/208
{751 Inventor: Heung T. Kim, Avon Lake, Ohio 13,698,541 10/1972 Barr............ eeeerm s 425/208 X
[73] Assignee: The B. F. Goodrich Company, FOREIGN PATENTS OR APPLIC ATIONS

| Akron, Ohio
[22] Filed: Apr. 23, 1975

[21] Appl. No.: 570,710 o " Primary Examiner—Francis S. Husar
- | - Assistant Examiner—Mark Rosenbaum
Related U.S. Patent Documents | Attorney, Agent, or Firm—Joseph Januszkiewitz; W.

253,743 5/1963  Australia.......ccccceeeriniencnnne 425/209

Reissue of: - A. Shira, Jr.
[64] Patent No.: 3,867,079 | | | | |
- Issued: - Feb. 18, 1975 | | B . -
Appl. No.: 279,697 o - [57] - ABSTRACT |
Filed: Aug. 10, 1972 ~ An extruder apparatus for working polymeric material
| ' | #' | having a feed screw with dual flight defining a primary
[52] US.CL.............. eeraeeanns 425/208; 259/191; channel and a secondary channel. The primary chan-
| | - 425/378 R nel progressively decreases in cross-sectional. area
[81] Il}t. Gl e e "B29F 3/02 while maintaining a constant width in cooperation
[58] Field of Search.................... 259/191, 192, 193, jth the secondary channel that increases in cross-
o 198/214; 425/205, 206, 207, 208, 209, 378, sectional area to accommodate all the melt as 1t
. 379 changes from a solid phase to a fluent phase. The sec-
- _ | - ondary flight’s height is such as to accommodate the
[56] References Cited | ‘melt as it is formed in the primary channel.
| UNITED STATES PATENTS.

2.343,529  3/1944 BIOWD.cooovreciccmeccir e 425/376 6 Claims, 4 Drawing Figures

Ui

FWa{—w—

=\




‘Reissued  july 13, 1976 Sheet 1 of 2 Re. 28,901




sheet20f2  Re. 28,901

July 13, 1976

Reissued

N XN
m.mlﬂll _l|;>||v:|r.m.“.>>.1_ a

.ir‘.

. oS N A h
N\ /m 0e . ..,. \ lllu

\

\se ez 22 2ol 4




Re. 28.901

1

APPARATUS FOR REFINING POLYMERIC
| MATERIAL

Matter ei;cles_éd in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-

cation; matter printed in italics indicates the addltums -_

made by reissue.

BACKGROUND OF THE INVENTION

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view with a portion in
cross section of an extruder without the feed screw;

FIG. 2 with sections A—A, B—B, C—C, when longi-
tudmally ahgned 1S a 51de elevational view ef the feed

- SCTCW,

10 m

The present invention relates to an extruder end "

more particularly to the feed screw of an extruder..

In the manufacture of plastlc materials, the extruder
receives the plastic material 1n its hopper and delivers
such material to the feed screw for processing. The
feed screw has a feed section .for advancing the mate-
- rial at a predetermined rate, a transition section for
plasticizing or working the material to turn it from a

solid to a melted product, and a metering section or

torpedo section for advancing the melt to.the discharge
end of the extruder. The present invention is directed
to the improvement of the transition section which
provides for a facile means for working the solid plastic
materials being processed and converts such solid plas-
tic material with maximum efficiency into a flowable
mass that is fully plasticized and one that is homoge-
neous in nature. Heretofore it has been thought most
desirable to work plastic material by working such

~ plastic material at the feed section and transitional
section with an exposure of a given mass to the rota-
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tional force of a helical feed groove which progres-

sively diminishes in cross-sectional area without regard

for its exposure to contact with the working area be-

tween the groove and the barrel. The present invention
recognizes the desirability of exposing as much unplas-
ticized solid material as possible to a werkmg contact
between the feed groove and the working area of the
extruder barrel. It is not sufficient to merely reduce the

eross-sectlenal area ef the solid mass and increase the
cross-sectional area ef the melt groove but rather to |

provide for an effective maximum exposure of the solid

‘mass to the shearing forces of the extruder. This is °

accomplished by providing a pair of grooves wherein a
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primary groove is used to convey the solid plasic mate-

rial along with a secondary greeve that moves the melt
along. The primary groove’s depth is decreased; how-

30

ever, the amount of material exposed to the workmg or -

melting action of the extruder barrel surface is held at

a constant with maximum exposure thereto while the

secondary channel which receives the melt increases in.

volume to assure that all the melt 1s retained. separate
from the solid unmelted plastic material.

SUMMARY OF THE INVENTION

The present invention contemplates the use of a ro-
tary feed screw that has a portion thereof with a pair of

helical flights defining a primary groove and a secon-

dary groove. The primary groove retains a constant
width, however, its depth decreases to facilitate the
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‘diminishing volume of solid material while retaining -

maximum exposure to the interaction of such material
to the barrel and wherein the secondary groove in-
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creases in volume progressively to accept the full meit -

as it is fed thereto from the primary groove.

F1G. 3 1S an enlarged fragmentary view of that por--
tion of the feed screw showing ‘the prlmary groove

merging with the secondary groove;

FIG. 4 is a modified form of feed screw as shown in
FIG. 3 wherein the primary groeve merges with the
secendary groeve

DETAILED DESC RIPTION

Referring to the drawings, wheremn like reference-
characters designate like or corresponding . parts
throughout the several views, there is shown in FIG. 1
a base 10 of an extruder designated generally by refer-
ence numeral 11. Extruder 11 has a hopper 12, a cool- |
ing means 13 for circulating water or similar: cooling =
medium, an extruder head 17, a die 18, transmission
means 19 driven by suitable means and a cylinder 20 in |
which a feed screw Joumaled for. rotation shown 1n
FIG. 2. | |

The feed screw is d1v1ded into three sections, a feed
section from point 22 to point 23, a transition section
from point 23 to point 24, and a metering section from
point 24 to point 25, the front end of the feed screw.
The metering section comprises dual flights 26 and 28,
while the feed section includes a single helical flight 305 -
however, the metermg seetlon may be a smgle ﬂlght

also. | |
The transition section has a continuation of the single

flight 30 of the feed section, however, such flight at

point 23 separates into two flights, a primary flight 32
and a secondary flight 34. The leading face 35 of the
primary flight 32 cooperates with the trailing face 36 of
the secondary flight 34 to define a first means or a

primary helical groove or.channel 38. The leading face .
39 of secondary flight 34 cooperates with the trailing
face 40 of primary flight 32 to define a second means or

secondary helical groove or channel 42. The width w,
of primary groove 38, is the same dimension from point
23 to a closely adjacent point 24 while the depth d, of
groove 38, progressively diminishes from point 23 to -
point 24. The depth'd is measured from the upper edge
to the bottom portion of the groove. The width w, of
the secondary groove increases progressively from
point 23 to point 24 while its depth d, similarly in- -
creases such that the volume of secondary groove 42
from point 23 to point 24 is such that it progressively

increases. The difference in dimension between the

primary flight and the secondary flight is d; such as to
assure the flow of melt from the primary channel 38
into the secondary channel 42. The primary channel 38
merges with the. secondary channel 42 at point 24
wherein the clearance space between the working sur-
face of channel 38 at this point and the barrel is equal
to the clearance space between the top of the ﬂlght of -
the primary flight and the ‘wall of the barrel.

As the feed screw is.rotated, the feed section of the

screw from points 22 through point 23 picks up the

unrefined material which is deposited into the hopper -
12 and delivers the unrefined material in a compacted
form' preworked condition to the transition section.
The- leadmg face 35 of the pnmary flight 32 exerts a
continuous pressure on the moving workéd material
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such that the portion of the sohd phase material whlch- |

comes in contact with the walls of the cylinder 20
changes into a fluent phase and is directed away from
the remaining portion of the solid phase into the secon-
dary groove 42. The clearance space between the
upper portion of primary flight 32 and the barrel is
greater than the clearance space between the upper
portion of flight 34 and the barrel thereby accommo-
dating the flow of the fluent phase material into the
secondary groove 42. Since the primary groove dimin-
ishes progressively in volume it pushes. the remaining
solid phase material upwardly towards the cylinder
wall. The cross-sectional width w, remains constant to
expose as much of the solid phase material as possible
to the effect of the heated barrel to change the solid
‘phase material to a fluent phase. Such structure ex-
poses the maximum amount of area to the working of
the barrel and the screw and conveys the molten mate-
rial faster. This action is superior because the end prod-

uct-1s at a lower temperature since the unit working:

time is efficient and less. This is important to the plastic
processing engineer since less stabilizer is needed in
such processing. Moreover, the such equipment less
stable material can be more easily processed since the
material is processed at a lower temperature yet
achieving full plastication and thorough mixing. In
addition, with such mixing the average temperature
throughout the extrudate is more consistent. As more
material 1s changed into the fluent phase, the cross-sec-
tional area of the secondary groove 42 increases to
accommodate the change in phase. With the width w,
remaining constant while the cross-sectional area of the
secondary groove 42 increases, maximum efficiency is

utilized in converting the solid phase material to the
fluent phase and maintaining them separated. Such

melting of the solid phase i1s accomplished along the
surface of the barrel between the barrel wall and the
solid bed of material being worked. The heating of the

material is further enhanced by the relative movement

of the barrel with respect to the screw, wherein the
material under a shearing action 1s worked and forms a
film which causes a fluent flow of the material into the

secondary groove 42. Thus, with the maintaining of a

wide solid bed of material that is exposed to the melting

action it provides for an effective means of plasticizing

solid polymeric material while minimizing degradation.
Such plasticated material is fed by the transition sec-
tion of the feed screw into the metering section having
the dual flights 26 and 28 which passes such material
through the die 18. In lieu of dual flights the metering
section may have but a single helical flight.

A modification of the feed screw is shown in FIG. 4

wherein the primary channel 38 merges directly into -

the secondary channel 42 with primary flight 32 ending
abruptly at 50 with its cross-sectional width w, being
consistent to any width w, taken along the transition

section; however, the depth of the primary channel 38
at this point is such as to expose the solid material to

the plasticizing action of the barrel to change the solid
phase to the fluent phase completely. Channel 38 has a
constant depth portion at the very end from point 31 to
point 52 to insure complete plasticization of the solid
remaining at the end of the channel. The points 51 and
52 on the primary channel 38 (FIG. 4) are slightly less

than the radial dimension from the rotational axis of:

the feed screw to the upper surface of flight 32. The -
constant depth of channel 38 may extend downstream

from point 52 a short dlstance to assure. full plasticiza- .
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tion of the solid material. The operation of this modifi-
cation is similar in all respects to the above-described
embodiment. |

Varions medlﬁeatlens are contemplated and may
ebwously be resorted to by those skilled in the art
without depamng from the described invention, as
hereafter deﬁned by the appended clalms

[ claim:

1. In a machine for processing polymeric material
comprising a cylinder; said cylinder having die means
at one end thereof; a feed screw rotatably mounted in
said cylinder and extending longitudinally therethrough
for moving plastic material therethrough to progres-
sively change said plastic matenial from the solid phase

to a fluent phase for extrusion therefrom; said feed

screw having first means for operatively exerting con-

- tinuous pressure on said plastic material for moving

20

said plastic material;, second means integral with said
feed screw for continuously leading off the fluent phase
progressively from said first means as the plastic mate-
rial is changed from the solid phase by contact with said -

- cylinder, said fluent phase being directed away from
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‘and not through the remaining solid phase; [ and 1

said first means defines a groove having a constant axial |
width with decreasing radial depth in the direction of
said die means providing a constant amount of surface
area exposed to said cylinder for material carried by
sald groove; and said second means defines a second
groove having an increasing axial width with increasing
radial depth in the direction of said die means.
2. In a machine for processing polymeric material as

set forth 1n claim 1 wherein said groove of said second

“means [ has a groove which 1 progressively increases
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In cross-sectional dimension toward said die means.
3. In a machine for processing polymeric material
comprising a cylinder; said cylinder having a die means

~ at one end thereof; a feed screw rotatably mounted in
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said cylinder for moving plastic material therethrough
to progressively change said plastic material from the
solid phase to a fluent phase for extrusion therefrom;
said feed screw having first means for operatively exert-

- ing continuous pressure on said moving: plastic mate-

rial; second means integral with said feed screw for
continuously leading off the fluent phase progressively
changed from the solid phase by contact with said cyl-
inder, said fluent phase being directed away from and
not through the remaining solid phase; said first means -
defines a groove having a constant axial width to main-
tain a constant-amount of the solid phase of the moving
plastic matenal to contact said cylinder; said second
means has a groove of increasing axial width and in-
creasing radial depth to provide a groove which progres-
sively Increases in cross-sectional dimension toward
said die means; said groove of said first means is de-

fined by the leading face of a primary flight and the

trailing face of a secondary flight; and said primary
flight having a greater clearance between the upper-
most edge portion of said primary flight and L said
barrel 1 the interior wall of said cylinder than the upper- -

most edge portion of said secondary flight.

4. In a machine for processing polymeric material as
set forth in claim 3 wherein the bottom surface of said
groove of said first means merges with said uppermost
edge portion of said primary flight to provide a clear- -
ance space that is equal to said clearance space pro-
vided between saild uppermost edge portion of said
prlmary flight and said ‘barrel.



. - .

5. In a machine for processing polymeric material as
set forth in claim 3 wherein the bottom surface of said
groove of said first means defines a terininal portion
“that provides a clearance space closely adjacent to the
merging of said first means with said second means at

Re. 28.901

the terminal upstream end thereof that is approxi-

mately equal to the clearance space between said up-

permost edge portion of said primary flight and [ said
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barrel X the interior wall of said cylinder.

6. In a2 machine for processing polymeric material as
set forth in claim 5 wherein clearance space defined by
said terminal portion of said first means in cooperation
with [ the J said interior wall of said L barrel 1 cylin-
der is constant for a portion of said groove of said first
means. | |
| * o * c T
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