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extrudates from ultra-high molecular weight polyethylene
(PE-UHMW) on screw extruders and a device for carrying
out this process.

PE-UHMW grades have a specia; position among poly-

ethylenes. By these grades are meant linear polyethylenes

" obtained by the low pressure process and having an

10

average molecular'weight, measured by viscometry, of at
least 1 x 10° g/mol, in particular 2.5 x 10° g/mol up to
approximately 1 x 107 g/mol. A process for determining

such high molecular weights is described, for example, in

- CZ-Chemische Technik 4 (1974), 129 f£ff£,
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Ultra-high molecular weight polyethylene is distinguished
by a range of physical chaiacteristic data which open up
to it a variety of possible applicationsg. Emphasis can be
placed on its high wear resistance, its low coefficient
of friction with respect to other materials and its out-
standing toughness behavior. Furthermore, it is remark-
ably resistant to numerous chemicals.

Because of its favorable mechanical, thermal and chemical

behavior, PE-UHMW is used in a wide variety of fields of

~application as a versatile material. Examples which can

25
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be quoted are the textile induétry, mechanical engineer-
ing, the chemical industry and mining.

The possible uses of this material are limited by the
fact that its processing in ram extruders and the conven-
tional single-screw or multi-screw extruders to give

" moldings does not always lead to satisfactory results.

In order to extrude PE-UHMW as gently as possible, i.e.
without dimpairing its mechanical properties, ram
extruders are widely used. Despite its many advantages,
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this processing method does not meet all reguirements. In
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5 the high molecular weight polymer is greatly overheated
even at medium screw speeds. As a consequence of the high
viscosity of the melt, which is only slightly reduced
even with increase of temperature, a very large propor-
tion of the mechanical energy supplied to the screw is

10 transformed by friction into heat. The heating of the
material which this causes can be so significant that it
leads to therxmal damage to the plastic as a result of
degradation or decomposition, i.e. by cleavage of the
molecular chains, and thus to a reduction in the average

15 molecular weight. Whereas the throughput, i.e. the amount
of extrudate transported per unit time, increases
approximately proportionally tc the screw speed, the

- temperature increagses overproportionally. For this
reason, PE-UHMW can only be extruded on screw extruders

20 of conventional design at low screw speed. However, the
process then becomes uneconomical and unsuitable for many

industrial fields of application.

EP-A-01 90 878 discloses the processing of ultra-high 3
molecular weight polyethylene in a single-screw extruder. ﬁ_g

25 The process consists in extruding molten PE-UHMW through ;E
a die with a length/diameter ratio of at least 10. The ‘gg i
extrudates are taken off with a stretch ratio of at least §§ .
1, preferably 8 to 30:1. This method is only suitable for §§ ‘
producing stretched filaments with a small diameter and JHF—— |

30 at very low output rates. . i

The object was therefore to discover conditions for the’
extrusion of PE-UHMW and to match them to one another
such that the abdve-described disadvantages are avoided.
This object is achieved by the present invention. It
35 congists of a process For producing extrudates from
pulverulent or small-particulate ultra-high molecular
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single-screw extruder the screw shaft of which is '
arranged into a feed zone, a transition zome, and a :
5 discharge zone. It is characterized in that the feed zone
- is a two~flight screw section and 1is formed from a
transport region the length of which is 4 to 16 times the
screw diameter and from a decompression region the length . .
of which is 5 to 18 times the screw diameter, the
10 transition zone consists of a shearing region the length
of which is 1 to 2.5 times the screw diameter and the
discharge zone comprises a wixing region the length of

which is 1 to 4 times the screw diameter.

The new process not only ensures that the polymer is
15 processed gently, i.e. without thermal degradation: in
addition, profiles having perfect surfaces which are free
of voids and pores and have no internal stresses are

- . obtained. The chosen screw geometry-also ensures that the
polymer is transported without disturbance over the
20 entire speed range available to the extruder and is —
continuously fed to the shaping die. It permits a high g,\
material throughput and 1is correspondingly very n‘? —
. \~
economical. , : §§\!
A
=
, : . . L ——
According to the invention, the PE-UEMW is used in a e —
' O
25 pulverulent or small-particulate form. By this is meant ‘g§

the particles obtained in the polymerization process, but
also particles, comminuted by mechanical treatment or
other means ox else coarsened, of the direct

polymexrization product.

30 The conveying of the PE-UHMW t_hroﬁgh the extruder takes
place at temperatures of 140 to 300°C, preferably 160 to
180°C. The required heat is fed to the material in two
ways: internally due to its mechanical stressing, as
frictional heat, and externally via heating devices.

35 According to the inveﬂtion, the feed zome is designed as
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to 18 times, preferably 6 to 12 times, the screw
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diameter. The width of the lands is constant over the
entire feed zone and is 0.05 to 0.09 times, preferably
0.055 to 0.065 times, the screw diameter. The ratio of
the flight depth in the feed zomne to the flight depth in
the discharge zone is 0.6:1 to 1:1, preferably 0.68:1 to
0.76:1, the maximum flight depth over the entire length
of the screw being 2.5 to 6, preferably 3.5 to 5 mm.

From the feed zone the PE-UHMW, already heated above the
crystallite melting range by the f£frictiomnal forces,
passes into the transition zone. The latter conmsists of
a shearing region formed by a shearing element of conven-
tional design. Preferably the shearing element. is
provided with longitudinal grooves. In it, the melt
stream flows through a defined shearing gap completing
the plastication and the homogenization of the thermo-
plasti¢c. The length of the shearing region is 1 to 2.5
times, preferably 1.5 to 2 times, the screw diameter. The
screw clearance, i.e. the distance of the shearing
element from the barrel wall, is 0.20 to 0.50 mm, prefer-
ably 0.25 to 0.35 mm,

In a proven embodiment of the new process, a transport

region can f£ollow the shearing region of the feed zone.
The transport region is designed &5 a single-£flight screw
section and has a length of up to 4.5 times, preferably
3 to 4 times, the screw diameter. The land width is 0.08
to 0.15 times, in particular 0.10 to 0.12 times, the
screw diameter,

The material coming from the transition zone is received

rogess, t hen fecomes émeconom cal

T
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5 is formed by a screw part provided with knobs or pins.
It has proven suitable for the mixing region in the i
transition zome also to be followed by a single-flight
screw part as transport region. The length of the
transition zone is up to 2 times the screw diameter and i
10 the land width is, as in the transport region of the ;
transition zone, 0.08 to 0.15 times, in particular 0.10
to 0.12 times, the screw diameter. After leaving the
transition zone, whether directly via the mixing region
or via the transport region, the thermoplast:.c material
15 is fed to the die. '
The invention further relates to a device for carrying
out the new process. It comprises a barrel tube in the
bore of which a screw shaft is rotatably mounted and
which is provided, in the coolable feed region, with !
20 pockets or grooves extending in the longitudinal
direction and which has a heatable transport part and an |
adjoining die. :
This device is characterized in that the screw shaft has '.
two flights in the feed region and is formed by a trans- '
25+ port region with a length which is 4 to 16 times, g -
preferably 4 to 8 times, the screw diameter and by a %E
decompression region with a length which is 5 to 18 ‘;‘E"
times, preferably 6 to 12 times, the screw diameter, in ;‘?'—:—
that, in a transition zone, the screw shaft consists of § —__E
30 a shearing regidii the length of which is 1 to 2,5 times, EE
preferably 1.5 tb 2- times, the screw diameter and in EE
that, in a discharge zone, the sc¢rew shaft comprises a =
mixing region the length of which is 1 to 4 times, |
preferably 2 to 3 times, the screw diameter. |
|
35 In proven embodiments of the new device, in the |
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-3-  weight polyethyl eneiBRK tRUHRCHEM IR FRRE nol ecul ar wei ght, neasured by
‘vi'sconetry, of at least 1 x 10[err] g/nmol in a single-screw;ex U i —
screw shaft of which in arranged into a feed zone, a transiti'bﬁﬁrsz?;d‘ﬁl d a” i
di scharge zone. It is characterizedgn that the feed zone is.a-twd=] ”n‘g,“ :
screw section and is formed froma transport region the length of which is ;

4 to 16 ¢ramsitbenscisve di adR! eshaadi hfy Oty itar OREYDY, ONihedid the | ength

of which,is to 18 tines the screw dianmefer, the transitjon zone consists

of a shediPEREFER AP IRyt FLBLNGN ETBTER 1 455 208 (SRER (FFSoren
di anet er febllowéd Bysaha&rgasport cegrionsds xhe »foxm reeyiorsidgile-engt h of
which isgd. 0.4 tipnes . SCT di r. e roges only
ensures #%ﬁ?ﬁ?h%é%%‘?ysnée&:féﬁb%ees%e gler?tf I §£Ql .lg.ewﬁ?tﬁ%ht %emal
degradattvansinion zome, up to 4.5 times, preferably 3 to 4

times, the screw diameter and, in the discharge zome, up -
to 2 times the screw diameter.

The device according to the invention is provided in the
feed region with a number of axial grooves distributed
10 uniformly around the circumference of the barrel, which
axial grooves, in the region of the feed opening, can be
enlarged in the form of pockets. The length of the
grooves, which are preferably rectangular in cross
section, is 3 to 3.5 times the screw diameter. They have
15 a depth of 4.5 to 6 mm, in particular 5 to 5.5 mm, and a
width of 5 to 8.5 mm, in particular 6 to 7 mm. The number
of grooves is dependent on the diameter of the screw. For
- a screw diameter of 150 mm, for example, it is 6 to 12,
preferably 8 to 10. '

20 In a proven embodiment of the new device, the pockets are
15 to 20 mm longer than the diameter of the screw and
their depth is 2 to & mm, preferably 3 to 3.5 mm. The
pockets merge into the grooves at an angle of 6 to 9¢,
preferably 7 to 8°,

_ . o

25 In order to ensure a continuous stream of pulverulent ox gs
small-particulate material, the feed opening should have g§
a length of 1.4 to 1.8 times, preferably 1.5 to 1.6 a“;’%
times, the screw diameter and its width should be 5‘€§
approximately equal to the screw diameter or exceed it by éé’s

30 up to 4 mm. A

The material leaving the barrel is plasticated and fed to
the shaping die. The die ig provided with heating and
cooling devices which permit the heat to be supplied
and/or removed in‘a controlled manner. The temperatures
35 along the die are between 300°C at the inlet and 130°C at
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‘pores and have no intérnal stresses are obtained. The chosen]
al so ensures that the polynmer is transported w thout disturbp @W@Tﬂhesem
entire speed range available to the ,7extruder and is continu ACER he;

shaping die. It permts a high material throughput and is -
correspopdLng % ),C Car, 'ng]1§d0 Reepnventi oy, .t he PE- UHMWV
is used ?fpléa %%?Ve%%(%ﬁ%gor ] n%ﬁ%%ér%fi g‘u@at_e or%’slg',)t{:'t hfn'é igh?reant t he
particl e@ivpesinnd dfh the gdeyarbles:i diheroress, sggtigns®hakhecl es,

conmi nut edoly cRBGRRN ¢ApertattY sl in EPesdlire SFHFe £RArsened, |
of the direct polyperi éat | on product. , The, conveyi n% of the PE- UHMWV
through Fhe &i& lﬁ‘i@gdt aWeich SHULEe fpFet $F e 293REERE RY 309Farr] C

pr ef gr abrgspbfidiagl Y jaistinfent Nef r EHEi kedsisalectiohad tsiddeswsherial in

two waysypL 0t ehaalhk fipilate s gAY s S0P U ke tnto 2
homogeneous mass and the moldings obtain a smooth
surface.

The extrudate emerging from the die is led into a cooling i
10 ° die in which its surface is cooled down to temperatures
below the crystallite melting point, i.e. below approxi- |
mately 130°C, After leaving the cooling die, the moldings
are guided by appropriate devices, e.g. braking lips or
braking flaps or by suitable measures, such that a force
15. acting opposite to the extrusion direction results. This
force ensures, in the cooling zone, that the molding
_comes into contact on all sides with the coolant
separated from it by a wall, so that the heat removal
takes place uniformly and the occurrence of stresses in
20 the molding is avoided. Further cooling takes place,
corresponding to the prior art, in a water bath which is
uniformly temperature controlled or subdivided into
different temperature zones.

In a special embodiment of the device for carrying out
25 the process, the extrudate i1g shaped into strands by
" means of an apertured plate. The thickness of the
apertured plate is conventionally 10 to 50 mm, preferably
30 to 40 mm and the bores have diameters of 1.5 to 5 mm,
in particular 2 to 4 mm, diameter. They are expediently
30 equipped with conical inlets, the inlet angle being 0.5
to 5°, preferably 0.8 to 1.5°, The strands emerging from
the apertured plate are pelletized by means of
conventional commercial pelletizing devices, such as
strand pelletizers, hot-cut pelletizers, water-cooled die

35 face pelletizers or underwater pelletizers.
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T



.22.FEB.1996 15:36 HOECHST AG WERK RUHRWHEMIE FPR NR. 434 S.1v8 '

“frictional heat, and exyggn Q%HRXHW@ matl ng -devices. According to the
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-4 - "a two-flight screw part and is subdl vided into two regi njsﬁlslséiff?}\tgf‘s ?EEN
first region the thernoplasti @kgnteegiygd transported and cisp;-esséd' ARt
| ength of the feed zone is 4 to 16 t1nmes and preferably 4 to 8 tinmes the
screw dianeter. It is followed by a second region in which, by changing the

flight depth Rfptdeesantior ProReOIRy eaedmuatﬁé@efwnacpﬁlvw‘ﬂa'xﬁ:gi on has a

Iength of S to small-particulate ultra-high molecular weight
polyethylene having an average molecular weight,

5 measured by viscometry, of at least 1 x 10° g/mol in
a single-screw extruder the screw shan;ft of which is
arranged into a feed zone, a transition zone and a
discharge zone, wherein the feed zo’pe is a two-

) flight screw section and is formed frcE)m a transport

10 _ region the length of which is 4 to] 16 tlmes the
screw diameter and a2 decompression reg:‘lon the length
of which is 5 to 18 times the screw 'd:.ameter, the
transition zone consists of a lhear:mg region the
length of which is 1 to 2.5 times the screw diameter

15 and the discharge zone comprises a mix::.ng reg:.on the
length of which ig 1 to 4 times the screw diameter.
' i

2. The process as claimed in claim_ 1, wI:ierein, in the i

feed zone, the length of the transport region is 4 |
to 8 times the screw diameter and the'llength of the

20 decompression region is 6 to 12 t::.mes the gcrew
diameter, in the transition zone, thellength of the
shearing region is 1.5 to 2 times the gcrew diameter
and, in the discharge zone, the lengthg! of the mixing -
region is 2 to 3 times the length gof the screw

25 diameter. :

l
{ i

!

3. The process as claimed in claim 1 or é, wherein, in
the transition zone, the shearing regi.,'on is followed
by a transport region which is designe.-:;d as a single-
flight screw section and the length cg'.‘f which is up

IR

30 to 4.5 times, preferably 3 to 4 times, the screw
diameter, :
l ¥
4. The processg a8 claimed in one or more 'of cla:.ms 1 to

3, wherein, in the discharge zone, 1.:hex mixing region

~ is followed by a transport region wh:.ch is designed

35 - '~ as a single-flight screw section andlthe length of
which is up to 2 times the screw d:.ameter /

) Ill\\ 11
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5, wherein the maximum £light depth over the entire
length of the screw is 2.5 to 6 mm, preferably 3.5
to 5 mm.

The process as claimed in one or more of claims 1 to
6, wherein the screw clearance in the shearing
region of the screw is 0.20 to 0.50 mm, preferably
0.25 to 0.35 mm.

A device for carrying out the‘process as claimed in

. any of claims 1 to 7, comprising of a barrel tube in

the bore of which a serew shaft is rotatably mounted
and which is provided, in the coolable feed region,
with pockets or the
1ongitudinal direction and which has a heatable
transport part and an adjoining die, wherein the
screw ghaft has two flights in the feed region and
is formed by a transport region with a length which
ig 4 to 16 times, preferably 4 to 8 times, the screw
diameter and by a decompression region with a length
which is 5 to 18 times, preferably 6 to 12 times,
- in a transition zone,

grooves extending in

the screw diameter, wherein,
said screw shaft consists of a shearing region the
length of which is 1 to 2.5 times, preferably 1.5 to
2 times, the screw ‘diameter and wherein, in a
discharge zone, said screw shaft comprises a mixing
region the 1length of which 1s 1 to 4 times,
preferably 2 to 3 times, the screw diameter.

The device as claimed in claim 8, wherein, in the
transition zone, the shearing region is followed by
a transport region in the form of a. single-flight

The length of the shearing regionis 1 to 2.5 tines,
The screw cl earance,

i.e.
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comi ng

omthe a{mtlon zone i s received
to 4 times, the screw diameter.

, preferab
The device as claimed in claim 8 or 9, wherein, in
the discharge zone, the mixing region is followed by
a transport region in the form of a single-flight
screw section the length of which is up to 2 times
the screw diameter.

The device as claimed in one or more of claims 8 to
10, wherein the grooves in the feed region are
rectangular in cross section, their length is 3 to
3.5 times the screw diameter, their depth is 4.5 to
6 mm, in particular 5 to 5.5 mm, and their width is
5 to 8.5 mm, in particular 6 to 7 mm.

The device as claimed in one or more of claims 8 to
11, wherein the pockets are 15 to 20 mm longer than
the diameter of the screw and their depth is 2 to
4 mm, preferably 3 to 3.5 mm.

The device as claimed in one or more of claims 8 to
12, wherein the die is designed as an apertured
plate with a thickness of 10 to 50 mm, preferably 30
to 40 mm, and is provided with bores of 1.5 to 5 mm,
preferably 2 to 4 mm, in diameter.

_
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“by the discharge zone orypret@RecuEyzPTey The latter has the function of a
“m-xing region and its length corresponds to 1 to 4 tines, in particular to

2 to 3°times, the screw dianmeter. Preferably the m xing reg{ofs SHEET Had BEEN -
a screw part provided with knobs or pins. It has proven suit abl gefLaCEPhe
m xing region in the transition zone also to be followed by*singre-tli ght
screw part as transport region. The Ilength of the transition zone is
up to 2 tines the screw di ameter angddrkfury Weli.h 8,5,1982 in the transport
region of the transition zone, 0.08 aa Limes i | ar 0.10 to
0.12 times, the screw dianeter. Afteﬁﬁ%&ﬁﬁ:nénq H'eé?i éﬁﬁ}i!loo#gzone, whet her
directly via the mxing region or via the transport region, the

ther mopl ast iy 8t iichdeh 11 il Srankfurt am Main 8

Abstract

Moldings of ultra high molecular weight polyethylenes are
produced by heating the polymer to from 160 to 280°C in
a mold, without applying pressure or at a pressure of up
to 0.5 MPa, and then cooling it to room temperature at a
pressure of from 4 to 20 MPa. '

T

|




. The |nveﬁffon further relates to a device for carrying out the new process.
«-lt conmprises a barrel tube in the bore of which a screw shaft is rotatably
nounted and which is provided, in the cool able feed region, with pockets or
“grooves extending in the longitudinal direction and mhlchmhas—a_iE£¢£¢¢£L _—
transport part and an adjoi ning die. This device is char&Hﬁ%ﬁH@%kHA%BEE&t
~ the screw shaft has two flights in the feed region and i si_for mB&PEACED
trans- port.region with a length which is 4 to 16 tines, preferably 4 to'8
times, the screw dianeter and by a deconpression region with a | ength which
is 5to 18 tinmes, preferably 6 to 12 tinmes, the screw dianmeter, in that, in
a transition zone,. the screw shaft consists of a shearing region the
|l ength of whichis 1 to 2.5 tinmes, preferably 1.5 to 2 tines, the screw
dianeter and in that, in a di'scharge zone, the screw shaft conprises a
m xi ng region the length of which is 2 to 4 tinmes, preferably 2 to 3 tines,
the screw di aneter. :
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.I'n proven enbodi nents of the new device, ?n t he trans
“the shearing region and/or, in the discharge zone, the mxing rg
each case followed by a transport region in the formof a singlg
screw section. The length of the latter-is, in the transition zp
4.5 tines, preferably 3 to 4 tinmes, the screw dianeter and, in
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di scharge zone, u&é&gs tgﬂ’@%éﬁ%esﬁ%!\_/gﬂbéﬁéiﬁ-ext_;g;gates fro_g‘

ultra-high molecular weight polvethvlene

" The present invention relates to a process for producing
extrudates from ultra-high molecular weight polyethylene
, (PE-UHMW) on screw extruders and a device for carrying
:out this process.

PE-UHMW grades have a special position among poly-
ethylenes. Bf these grades are meant linear polyethylenes
obtained by the low pressure process and having an
average molecular weight, measured by viscometry, of at
least 1 x 10° g/mol, in particulaxr 2.5 x 10° g/mol up to
approximately 1 x 107 g/mol. A process for determining
such high molecular weights is described, for example, in
CZ-Chemische Technik 4 (1974), 129 fEf.

Ultra-high molecular weight polyethylene is distinguished
by a range of physical characteristic data which open up
to it a variety of possible applications. Emphasis can be
placed on its high wear resistance, its low coefficient
.0of friction with respect to other materials and its out-
standing tioughness' behavior. Furthermore, it is remark-
-ably resistant to numerocus chemicals.

Because of its favorable mechanical, thermal and chemical
behavior, PE-UHMW is used in a wide variety of fields of
application as a versatile material. Examples which can
be quoted are the textile induétry, mechanical engineer-
ing, the chemical induétry and mining.

The possible uses of this material are limited by the
fact that its processing in ram extruders and the conven-
‘tional single-screw or multi-screw extruders to give
moldings does not always lead to satisfactory results.

-In order to extrude PE-UHMW as gently as possible, i.e.
without impairing its wmechanical properties, ram
extruders are widely used. Despite ite many advantages,
this processing method does not meet all requirements. In
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‘Tfle device according to the invention is provided in the feed {egimnp @}

“a nunber of axial grooves distributed uniformly around the ci rcm?@'%mg ES >
0 :
Ch

the barrel, which axial grooves, in the region of the feed open , can be o
enlarged in the formof pockets. The length of the grooves, whi¢hiae? DEC 1996
preferably rectangular in cross section; 4ss3 to 3.5 tines the §ctew

diameter. They have a_depth of 4.5 to 6 nm_in particul ar to b npm and
a width of 5 tPAFTIHIAT, nthaFan@tarks prrie AFCOTRSH eoP°i§?§Bie5_L&m__,_
dependent on t hgditatRbesomet Srd sesevalweays aodereblei aneter of 150 nm for

exanple, it is 6 to 12, preferably 8 to 10. In a proven enbodi ment of the
new devi ce, the pockets are 15 to 20 mm_| onger than of the

. L ) %@g_ di aneter
screw and t hei rThiefiailioy boddes anf prefites Braduced FomPErHEMEotRet s
merge into the ghearextaiiddsadymdtohade tthdiecBibadpantagarhl Howevrex3. I n

matorial, the Tt TS M S g R gae ot ki U fedtly loudblatuaat e
' even at medium screw speeds. As a consequence of the high
viscosity of the melt, ‘which is only slightly reduced
even with increase of temperature, a very large propor-
tion of the mechanical energy supplied to the screw is
transformed by friction into heat. The heating of the
material which this causes can be so significant that it
leads to thermal damage to the plastic as a result of
degradation or decomposition, i.e. by cleavage of the
molecular chains, and thus to a reduction in the average
molecular weight. Whereas the throughput, i.e. the amount
of extrudate transported per unit time, increases
- approximately proportionally to the screw speed, the
temperé.ture increages overproportionally. For this
| reagson, PE-UHMW can only be extruded on screw extruders
i of conventional design at low screw speed. However, the
' process then becomes uneconomical and unsuitable for many

" industrial fields of application.

EP-A-01 90 878 discloses the processing of ultra-high

molecular weight polyethylene in a single-screw extruder.

The process comsists in extruding molten PE-UHMW through

a die with a length/diameter ratio of at least 10. The
' extrudates are taken off with a stretch ratio of at least

1, preferably 8 to 30:1. This method is only suitable for

producing stretched filaments with a small diameter and
" at very low output rates.

The cbject was therefore to discover conditions for the
extrusion of PE-UHMW and to wmatch them to one another
such that the above-described disadvantages are avoided.
This object is achieved by the present invention. It
coneists of a process for producing extrudates from
pulverulent or small-particulate ultra-high molecular
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;alength of 1.4 to 1.8 tines, preferably 1.5 to 1.6 tines, the

‘dianeter and its wdth should be approxi mtely equal to the scf

or exceed it by up to' 4 nm The nmaterial |eaving the barrel
pl asticated and fed to the shaping die, The die is provided w

and cooling devices which permt the heat to be supplied and/ of
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vy r\l:n.s'caometry, of at least 1 x 10° g/mol in a
single-screw extruder the screw shaft of which is
arranged into a feed zone, a transition zone, and a
discharge zone. It is characterized in that the feed zone
is a two-flight screw section and is formed from a
transport region the length of which is 4 to 16 times the
screw diameter and from a decompression region the length
of which is 5 to 18 times the screw diameter, the
transition zone consists of a shearing region the length
of which is 1 to 2.5 times the screw diameter and the
discharge zone comprises a wmixing region the length of
which is 1 to 4 tiwmes the screw diameter.

The new process not only ensures that the polymer is
processed gently, i.e. without thermal degradation: in
addition, profiles having perfect surfaces which are free
of voids and pores and have no internal stresses are
cbtained. The chosen screw geometry-also ensures that the
polymer is transported without disturbance over the
entire speed range available to the extruder and is
continuously fed to the shaping die. It permits a high
material throughput and is correspondingly very
economical.

According to the invention, the PE-UHMW is used in a
pulverulent or small-particulate form. By this is meant
the particles obtained in the polymerization process, but
alsc particles, comminuted by mechanical treatment or
other means oxr else coarsened, of the direct
polymerization product.

The conveying of the PE-UEMW through the extruder takes
place at temperatures of 140 to 300°C, preferably 160 to
180°C. The regquired heat is fed to the material in two
ways: internally due to its mechanical stressing, as
frictional heat, and externally via heating devices.

aAccording to the invention, );he feed zone is designed as



“the end, preferably between 180 and 140[err]C. In the direct
* outlet, the cross section of the flow channel tapers. This r
pressure rise in the die |land, which pressure rise is adjust
respondi ng adj ustment of the cross-sectional size such that
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which, by changing the flight depth of the lands, =a
decompression takes place. This region has a length of S
to 18 times, preferably 6 to 12 times, the screw
diameter. The width of the lands is constant over the
entire feed zone and is 0.05 to 0.09 times, preferably
0.055 to 0.065 times, the screw diameter. The ratio of
the flight depth in the feed zome to the flight depth in
the discharge zone is 0.6:1 to 1:1, preferably 0.68:1 to
0.76:1, the maximum flight depth over the entire length
of the screw being 2.5 to 6, preferably 3.5 to 5 mm.

From the feed zone the PE-UHMW, already heated above the
cfystallite melting rvange by the f£frictional forces,
passes into the transition zone. The latter consists of
a shearing region formed by a shearing element of conven-
tional design. Preferably the shearing element. is
provided with longitudinal grooves. In it, the melt
stream flows through a defined shearing gap cowmpleting
the plastication and the homogenization of the thermo-
plastic. The length of the shearing region is 1 to 2.5
times, preferably 1.5 to 2 times, the screw diameter. The

screw clearance, i.e. the distance of the shearing

element from the barrel wall, is 0.20 to 0.50 mm, prefer-
ably 0.25 to 0.35 mm.

In a proven embodiment of the new process, a transport
region can fcllow the shearing region of the feed zone.
The transport region is designed 45 a single—fiight screw
section and has a length of up to 4.5 times, preferably
3 to 4 times, the screw diameter. The land width is 0.08
to 0.15 times, in particular 0.10 to 0.12 times, the
screw diameter, ' :

The material coming from the transition zone is received



.takes place uniformy and the occurrence of stresses in the nnlﬁﬂH&CF®ENrSHEET
"avoi ded. Further cooling takes place, corresponding to the pri{o '
wat er bath which is unifornmly tenperature controlled or subdi

different tenperature zones. In a special enbodi nent of the|dg¢vice for
carrying out the process, the extrudate is shaped into strand$
an apertured plate. The thickness of-tde apertured plate is cpnventional ly

10 to 50 mm preferably 30 to 40 nmand the bores have dianeters of 1.5 to
5 mm in pabyi ¢theadizchargemzondi aremeterihgy zene. eThedlabteéy kaai pped with

coni cal inlehs, tha Itﬂbﬁt | ¢ bei g 5 er pseger 8 to
1.5[err]. The strang '%Eggln %Tronlig‘flr?e aﬁ%gtiére at %e%r eiglé#gtlzed by

nmeans of coffPEREFBRY cFal 4pLAPesy 2Ry Hfé’\FIiEé‘iars&@h %stet3and
pel | eti zer stimes, cuhepelclretvi déametent cPrefmtaisl ydithel adgipngl kegigers or

undervater pgl k8kmé8 By a screw part provided with knobs or pins.

It has proven suitable for the mixing region in the
transition zpne also to be followed by a single-flight
screw part as transport region. The length of the
transition zone is up to 2 times the screw diameter and
the land width is, as in the transport region of the
transition zone, 0.08 to 0.15 times, in particular 0.10
to 0.12 times, the screw diameter. After leaving the
transition zone, whether directly via the mixing region
or via the transport region, the thermoplastic material
is fed to the die.

The invention further relates to a device for carrying
out the new process. It comprises a barrel tube in the
bore of which a screw shaft is rotatably mounted and
which is provided, in the coolable feed region, with
pockets or grooves extending in the lbngitudinal
direction and which has a heatable transport part and an
adjoining die.

This device is characterized in that the screw shaft has
two f£lights in the feed region and is formed by a trans-
port region with a length which is 4 to 16 times,
preferably 4 to 8 tit'nes, the screw diameter and by a
decompression region with a length which is 5 to 18
times, preferably 6 to 12 times, the screw diameter, in
that, in a transition zone, the screw shaft consists of
a shearing regidii- the length of which is 1 to 2.5 times,
prefexrably 1.5 to 2- times, the screw diameter and in
that, in a discharge zone, the screw shaft comp_risés a
mixing - region the length of which ie 1 to 4 times,
preferably 2 to 3 times, the screw diameter.

In proven embodiments of the new device, in the
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A process for producing extrudates from pul yertd-ent

i cul ate ul tra-high nol ecul ar wei ght pol yet hyk ehe haV|n
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in a single-screw extruder the screw shaft ¢f [(which is
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a feed zone, a transition zone and a di schafge zone,

o 16 fines h
dlscharge zone, he mxxlng reg;on are in eac

followed by a transport region in the form of a single-
flight screw section. The length of the latter is, in the
transition zone, up to 4.5 times, preferably 3 to 4
times, the screw diameter and, in the discharge zone, up
to 2 times the screw diameter.

case

The device according to the invention is provided in the
feed region with a number of axial grooves distributed
uniformly around the circumference of the barrel, which
axial grooves, in the region of the feed opening, can be
enlarged in the form of pockets. The length of the
grooves, which are preferably rectangular in cross
section, is 3 to 3.5 times the screw diameter. They have

"a depth of 4.5 to 6 mm, in particular 5 to 5.5 mm, and a

width of 5 to 8.5 mm, in particular 6 to 7 mm. The number
of grooves is dependent on the diameter of the screw. For
a screw diameter of iso mm, for example, it is 6 to 12,
preferably 8 to 10. )

In a proven embodiment of the new device, the pockets are
15 to 20 mm longer than the diameter of the screw and
their depth is 2 to 4 mm, preferably 3 to 3.5 mm. The
pockets merge into the grooves at an angle of 6 to 9°,

preferably 7 to 8°,

In order to ensure a continuous stream of pulverulent or
small-particulate material, the feed cpening shouid have
a length of 1.4 to 1.8 times, preferably 1.5 to 1.6
times, the screw diameter and its width should be

‘ approximately equal to the screw diameter or exceed it by

up to 4 mm.

'The material leaving the barrel is plasticated and fed to

the shaping die. The die is provided with heating and
cooling devices which permit the heat to be supplied
and/or removed in-a controlled manner. The temperatures
along the die are between 300°C at the inlet and 130°C at



_screw di aneter and a deconpression region the length of t
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"18 tinmes the screw di aneter, the transition zone consi st{s

region the |l ength of whichis 1 to 2.5 times the screw di gneter and
the di scharge zone conprises a nixing region the | engt h of] WRi7cDEC19%6
to 4 times the screw di aneter. 2. The process as clainmed jnjclaima1l,
wWerein, in the feed zone, the length of the transpont fegionis 4

to 8 times the screw dianmeter and the I ength of the decpnpressi on

region is 6 tuhel?2ehdpespidferdllgn betwedhaBd®r andn 1deo¢ s ang t ix:ﬁe zone,

the length ofgitRerson oFGH % %e%$§$#és %% Egogstgggéiége M/dianeter

and, in the |s arge zone, € nrXing fs 2 to 3
times the | edfdoW sGP@ﬁrS ThH?aﬁ%ﬁ%%ts n a'ﬂﬂ?ﬁﬁ&@@eg B&slalalned in
claim1l or 2thshedis nland, whiéheptéeddedd i 8is@ong, alifstbé@apyNeokeg ON is

f0||0“6d, Jg%ﬁ%nh %BFQ%G&sEﬁgngnoﬁh@ﬁ%'é%éggyé% ggogglasizegguch
that the thermoplastic particles sinter together into a

homogeneous mass and the moldings obtain a smooth
surface. '

The extrudate emerging from the die is led into a cooling
die in which its surface is cooled down to temperaturéé
below the crystallite melting point, i.e. below approxi-
mately 130°C, After leaving the cooling die, the moldings
are guided by appropriate devices, e.g. braking lips or
braking flaps or by suitable measures, such that a force
acting opposite to the extrusion direction results. This
force ensures, in the cooling =zone, that the mblding
comes into contact on all sides with the coolant
separated from it by a wall, so that the heat removal
takes place uniformly and the occurrence of stresses in
the molding is avoided. Further cooling takes place,
corresponding to the prior art, in a water bath which is
‘uniformly temperature controlled or subdivided into
different temperature zones.

In a special embodiment of the device for carrying out
the process, the extrudate is shaped into strands by
means of an apertured plate. The thickness of the
apertured plate is conventionally 10 to SO0 mm, preferably
30 to 40 mm and the bores have diameters of 1.5 to 5 mm,
in particular 2 to 4 mm, diameter. They are expediently
equipped with ‘conical inlets, the inlet angle being 0.5
to 5°, preferably 0.8 to 1.5°. The strands emerging from
the apertured plate are pelletized by means of
_conventional commercial pelletizing devices, such as
strand pelletizers, hot-cut pelletizers, water-cooled die
face pelletizers or underwater pelletizers.



flight scriew section and the | ength of which is up to 4} REALABSENT SHEET
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 preferably 3 to 4 tines, the screw . dianeter. 4. The prpcess-as
claimed in one or nore of clains 1 to 3, wherein, in the d\iziacuarrg,a%
zone, the m xing region is followgd by a transport reglo el § .:
desi gned as a single-flight screw section andlthe | engf{hiof .........whi-ck

Is up to 2 tines the screw di atneter.
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Patent claims9- 5. The preecess—as——"""""

clained in one or nore of clainse 1 to 4, wherein the Patio of the

flight depth of the

A process for producing extrudates from pulverulent
to small-particulate ultra-high molecular weight
polyethylene havi'.ng an average molecular weight,
measured by viscometry, of at least 1 x 10° g/mol in
a single-screw-e:’;truder the screw shaf;t of which is
arranged into a feed zone, a transition zone and a
discharge zone, wherein the feed zogne is a two-
flight screw section and is formed frcE:m a transport
region the length of which is 4 to} 16 times the
screw diametexr and a decompression reg:ion the 1eﬁ-§th
of which is 5 to 18 times the screw idiameter, Ahe
transition zone consists of a sheari'ng region the
length of which is 1 to 2.5 times the screw diameter
and the discharge zone comprises a m:.x:.ng region the
length of which is 1 to 4 times the sq:rew diameter.
i
The procegs as claimed in claim 1, wlierein, in the
feed zone, the length of the trenspozit region is 4
to 8 times the screw diameter and t:hei length of the
decompression region is 6 to 12 t:l.mes the screw
diameter, in the transition zone, theilength of the
shearing region is 1.5 to 2 times the screw diameter

_and, in the discharge zone, the lengthi of the mixing

region is 2 to 3 times the length:of the screw
diameter. .

!
The process as c¢laimed in claim 1 or é, wherein, in
the transition zone, the shearing region is followed
by a transport region which is designe?d as a single-
flight screw section and the length c:bf which is up
to 4.5 times, preferably 3 to 4 tiuvies, the screw
diameter. ’ ;
The process as claimed in one or more gof claims 1 to
3, wherein, in the discharge zone, the: nixing region
is followed by a transport region whith is designed
as a single-flight screw section and{the length of
which is up to 2 times the _screw diameter.

I |I|I|| T 101 IIII

y
st



screw in the feed zone to the flight depth in the di schar gf RERIACEMENT SHEET
"0.6:1 to 1:1, preferably 0.68:1 to 0.76: 1. 6. The proce$s{as clal ned
in one or nore of clainms 1 to 5, wherein the maxi mum flight {d ;
dapPy bety Hos
[~

the entire | ength of the screwis 2.5 to 6 nm preferably
5 mm 7. The process as clained ingone or nmore of clains 1jtc

wherein the screw clearance in the shearing region of thelscrewis
0.20 to 0. 5?, am TReChebabsy as clatlm%a 19 &é%znmbre §f cl'%i‘{t%v':l. ot Of
carrying ou e ,Progess .as n o [/,
conprising of a l?arr eTg itk ? * raga.? h8Epdhe c#/l’xﬂ]i’i ct&?ﬁt %év thart is
rotatably nount e@crew iandbehifeled zopeotioddde ifiight depthbinm tked regi on,

discharge zone is 0,6:1 to 1:1, preferably 0.68:1 to
0.76:1,

w

6. The process as ¢laimed in one or more of claims 1 to
5, wherein the maximum f£light depth over the entire
length of the screw is 2.5 to 6 mm, preferably 3.5
to 5 mm.

7. The process as claimed in one or more of claims 1 to
6, wherein the ‘screw clearance in the shearing
region of the screw is 0.20 to 0.50 mm, preferably
0.25 to 0.35 mm.

8. A device for carrying out the process as claimed in
any of claims 1 to 7, comprising of a barrel tube in
the bore of which a screw shaft is rotatably mount:ed‘
and which is provided, in the coolable feed region,
with pockets or grooves extending in the
longitudinal direction and which has a heatable
transport part and an adjoining die, wherein the
screw shaft has two flights in the feed region and
is formed by a trxansport region with a length which
is 4 to 16 times, preferably 4 to 8 times, the screw
diameter and by a decompression region with a length
which is 5 to 18 times, preferably 6 to 12 times,
the screw diameter, wherein, in a transitiqn zone,
said screw shaft consists of a shearing region the
length of which is 1 to 2 .5 times, preferably 1.5 to -
2 times, the screw diameter and wherein, in a
discharge zone, sa:Ld screw shaft comprises a m:.x:.ng
region the 1length of which is 1 to 4 times,
preferably 2 to 3 times, the screw diameter.

9. The device as claimed in claim 8, wherein, in the
transition zone, the shearing region is followed by

a transport xegion in the form of a.single-flight
T
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in the form of a&hesiddgkbatyegtvne, the mixing region is followed by

11,

12.

3.

a transport region in the form of a single-flight
screw section the length of which is up to 2 times
the screw diameter.

The device as claimed in one or more of claims 8 to
10, wherein the grooves in the feed region are _
rectangular in cross section, their -length is 3 to
3.5 times the screw diameter, their depth is 4.5 to.
6 mm, in particular 5 to 5.5 mm, and their width is
5 to 8.5 mm, in particular 6 to 7 mm.

The device as claimed in one or more of claims 8 to
11, wherein the pockets are 15 to 20 mm longer than
the diameter of the screw and their depth is 2 to
4 mm, preferably 3 to 3.5 mm. -

The device as claimed in one or more of claims 8 to
12, wherein the die is designed as an apertured
plate with a thickness of 10 to 50 mm, preferably 30
to 40 mm, and is provided with bores of 1.5 to 5 nm,
preferably 2 to 4 mm, in diameter.
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clainmed in claim8 or 9, wherein, in the di scharge zong, XbRg—— -
region is foll owed by a transport region in the formof h {
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t he screw di aneter.
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PROCESS AND DEVICE FOR PRODUCING EXTRUDATES FROM
ULTRA-HIGH MOLECULAR WEIGHT POLYETHYLENE

Abstract

Moldings of ultra high molecular weight polyethylenes are
produced by heating the polywer to from 160 to 280°C in..
a mold, without applying pressure or at a pressure of up
to 0.5 MPa, and then cooling it to room temperature at a™
pressure of from 4 to 20 MPa.

Figure 1

b

-



11. The device as claimed in one or nore of clains 8 to 10, \/\herel n

“the grooves in the feed region are rectangul ar in crosgs—~seettorn
length is 3 to 3.5 times the screw dianeter, their depihRERLAG F5£@b°” e
6 M in particular 5to 5.5 nm and their width is 5 oG5 mMm in 3
particular 6 to 7 mMm 12. The device as clained in one or} rez?fog]dqq%s
8 to 11, wherein the pockets are 15 to 20 nm | onger thdn
di ameter of the screw and their depth is 2 to 4 mm prefekab%y—
3.5 m 13. The device.as clained in one or nore of clainsf 8 to 12,
wherein the die is designed as an apertured pl ate w th ‘a=thitkness of
10 to 50 mm preferably 30 to 40 nm and is provided with bores of 1.5
to 5 mMm preferably 2 to 4 nw&/an di aneter.

WAE:

Figure 1




