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ELASTOMER       (71)   We, KABEL- UND METALL-  a monovalent olefinically
unsaturated     WERKE  GUTEHOFFNUNGSHUTTE   hydrocarbon or hydrocarbon-oxy
radical,     AKTIENGESELLSCHAFT, a body   each Y is an alkoxy, acyloxy,
oxime or     corporate organised under the laws of  substituted amino
radical, and R' or R. Y or  5  Germany of 271 Vahrenwalder Strasse,
methyl. The grafting of the silane on to the  45      Hannover, Germany,do
hereby declare the  macromolecules of the olefin (co)polymer
invention, for which we pray that a patent  takes place at temperatures
above 140C,      may be granted to us, and the method by  for example in an
extruder which exerts      which it is to be performed, to be  both a
masticating and also a mixing effect 10  particularly described in and by
the  on the contents. After a certain residence  50     following
statement:-                   time in the extruder the grafted olefin
The present invention relates to a process  (co)polymer is extruded,
granulated and     and an apparatus for the production of  put in
intermediate storage. If necessary,     products comprising an olefin
(co)polymer  the grafted olefin (co)polymer is blended 15  or other
thermoplastic (co)polymer, or an  with a catalyst master-batch and
subjected  55     elastomer, which can be cross-linked in the  to moulding
extrusion. After this the cross-     presence of moisture by virtue of the
linking is brought about by placing the     grafting on of a silane
compound, as herein   material in hot water.     defined, including in
particular products   Apart from the considerable effort and 20  wherein
the (co)polymer or elastomer is  expense which this known process entails
60     applied in the form of a sheath around an  on account of its large
number of stages,     electric cable or lead, a pipe, or another  e.g.
mixing, grafting and granulating, the     elongated product of indefinite
length. The  process has the disadvantage that, during     (co)polymer or
elastomer employed is  the cooling of the granulated grafted 25
mechanically worked, at a temperature  material it is not always possible
to avoid a  65     above 140C, in the presence of a silane, as  certain
degree of premature cross-linking;     herein defined, and also of any
desired  thus the process is not free from trouble,     additive(s) for
grafting or cross-linking, e.g.  and is in fact not suitable in cases in
which     one or more peroxides and/or one or more  continuous insulations
have to be applied to 30  activators,                              cables
or leads, which have to meet certain  70        A process is already known
for the cross-  mechanical and electrical requirements.     linking of
olefin (co)polymers (German  Also the granulated grafted material, which
Published Specification ("Auslegeschrift")  can be cross-linked by
moisture, is storable     No. 1,963,571), in which the olefin  only to a
limited extent. 35  (co)polymer, e.g. polyethylene or a    To this it must
be added that, in cases in  75      copolymer of ethylene, is reacted, in
the  which, for example, a particularly high      presence of a compound
which is capable  dielectric strength is required, the known      of
forming free radical positions in the  process is also unsuitable because
of the      olefin (co)polymer macromolecule, with a  risk of bubbles being
present in the finished 40  silane of the formula RR'SiY[err], in which R
is  product.                       80           2
1,495,850                                      2        It is an object of
the present invention,  for grafting may be added to the      therefore, to
provide a process for the  (co)polymcr or elastomer in a separate
production of products comprising a  operation from the mechanical working,
thermoplastic  (co)polymer, or an  during energetic movement of the  5
elastomer, which can be cross-linked in the  (co)polymer or elastomer, this
being in  70      presence of moisture by virtue of the  powder, grit or
other particulate form. This      grafting on of a silane compound, as
herein  addition before the material is thoroughly      defined, which is
more rational in a  mixed and masticated can be carried out      technical
sense and which has less  advantageously in a high-speed mixer, this 10
susceptibility to trouble and gives an  being a closed unit in which the
stirring   75      improved final product.                   elements
rotate at a high speed, e.g 500 to      According to the present invention,
we 3000. r.p.m. The diffusing in of the      provide a process. for the
production of a  additive(s), however, can if preferred be      product
comprising an olefin (co)polymer achieved at a stirring speed which is 15
or other thermoplastic (co)polymer which  different from this, by having
the mixer  80      can be cross-linked in the presence of  heated, the
temperature necessary for      moisture by virtue of the grafting on of a
diffusing in being attained here not so much      silane compound, as
herein defined, or  by friction but rather by the transfer of heat
comprising an elastomer, in which, in a first  from the outside. In each
case the speed of 20  extruder, (co)polymer or elastomer is  rotation of
the stirring elements should be   85      mechanically worked in the
presence of a  such that no agglomeration of the (e.g.)      silane, as
herein defined, and also of any  powdered or granulate (co)polymer or
desired additive(s) for grafting or cross-  elastomer occurs. It is
desirable that the      linking, at a temperature above l40[err]C, the
stirred, particles should retain their 25  (co)polymer or elastomer
together with the particulate character and their pouring   90
respective additional ingredient(s), when  qualities so that the
additive(s) can be      grafted with the silane, being continuously
distributed uniformly and can diffuse into      de-gassed while still in
the form of a warm  the particles uniformly. In order to allow      moving
mass, and, immediately after the  diffusion to take place in a short time,
it is 30  de-gassing, being moulded into the desired  advisable to use
silane compounds which  95      shape. by means of a second extruder,  are
liquid at the relevant temperature as      without any intermediate
storage. By a  solvents for the remaining additives.      "sillane" we
mean, in the present    It is also advantageous, however, to add
description  and  claims, an  organic the silane and any desired
additive(s) for 35  compound of silicon which contains  grafting to the
(co)polymer or elastomer 100      aliphatic unsaturation and a hydrolysable
during the mechanical working; this saves   group. By omitting a
granulating device,  an additional operation, so that the process      and
the subsequent intermediate storage,  is further simplified and becomes
still less      the present process is made considerably susceptible to
trouble. The mechanical 40  simpler, and is therefore more easily used in
working is carried out advantageously at 105     practice, than the known
process, apart  160 to 250[err]C, and more preferably between     from the
fact that there is no additional  180 and 230[err]C.     mechanical
processing of the grafted    It is also advantageous to add to the
material. As a result of the de-gassing of the  (colpolymer or elastomer,
at the same time 45  material containing the (co)polymer or  as the silane,
any desired peroxide, 110     elastomer together with, for instance,
activator or anti-oxidant for thermal     silane, peroxide, activators,
e.g. poly-  stabilisation, for example. It may also be     functional
monomers exemplified  by  advantageous to add a catalyst which     triallyl
cyanurate, divinylbenzene, ethylene  acclerates the silanol condensation
reaction 50  dimethacrylate, and triallyl phosphite, and  in which the
silane employed participates, 115     also condensation catalysts, e.g.
dibutyl tin  to the (co polymer or elastomer, during the     dilaurate or
heavy metal salts of long-  mechanical working this can simplify the
chained fatty acids, it is possible to prevent  process to a considerable
extent. As state     the formation of bubbles in the product,  above, the
mixed and grafted material is 55  derived for example from  included gas
continuously de-gassed while still in the  120     bubbles or excess silane
during the  form of a warm moving mass, and this "warm"     moulding of the
material into the desired  mass may for example be at a temperature
shape, which immediately follows. In  between 130 and 240[err]C, preferably
about     consequence of this, the present process  200[err]C; it can thus
be ensured that the 60  can advantageously be used, for example,
subsequently moulded material is free from  125     for the production of
insulations not only  gas or other enclosures which would cause     for
low-tension cables (e.g. for 1 KV) but  bubbles to be present on or in the
extruded     also for medium-tension and high-tension  product. The present
vacuum de-gassing is     cables (e.g. 10 KV, or higher).
advantageously carried out under a vacuum 65    The silane compound and the
additive(s)  of, for example, 1 to 100, and more 130            3
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This de-gassing  another so as to promote thorough mixing.      makes it
possible to obtain a completely  The material leaving chamber 1 at an
outlet      smooth surface on the product and  3, which material has an a
approximate      freedom  from  bubbles inside the  temperature  of 200 to
210[err]C, is  5  product. The quality of the product  immediately
afterwards introduced into a   70      is thus considerably improved.
second extruder 5 incorporating a vacuum         For carrying out the above
process, an  de-gassing  chamber represented       apparatus has been found
particularly  diagrammatically at 4 which, in the case       advantageous
which comprises a first illustrated, is operated at a pressure of 20 to 10
extruder affording a masticating and mixing  50 mmHg. Here there take place
a  75       chamber, in which inlets may be provided  continuous de-gassing
of the material, and a       for the admission of additional ingredients
freeing of the material from excess silane,       (which are preferably
introduced in the  so that, during subsequent moulding of the       liquid
state); and a second extruder  material as it is ejected from the second 15
affording an ejection zone with an extrusion  extruder 5, it is possible,
for instance, to  80       head for the grafted material; the apparatus
apply a homogeneous insulation of the       having a vacuum  de-gassing
chamber desired electrical properties to an electric       providing a
connection between the  conductor 7 which runs transversely
masticating and mixing chamber and the  through the extrusion head 6. An
extruded  20  ejection zone. For the masticating and  product can
readily'be obtained which is  85      mixing  chamber itself, use  can
free from  bubbles and impurities which      advantageously be made of the
"Buss-Ko", could give rise to electrical insulation      apparatus which is
already on the market failures. The conductor which has had the      for
the preparation and granulation of extruded material applied around it can
25  polyolefins and olefin copolymers, and  finally be left to stand in
water for the  90       which has the advantageous feature that the
purpose of cross-linking, although the       masticating and mixing chamber
has a  addition of substances which split off water       screw driven by
drive means adapted to  may instead be restored to in order to       impart
to it not only a rotary movement but achieve cross-linking if preferred.
30  also a backwards and forwards movement.   The extruders of the
apparatus of Figure  95       This backwards and forwards movement I have
respective motors, drive shafts or       makes possible cooperation between
belts,   and   transmissions   as       shoulders on the screw  and
stationary  diagrammatically represented in the Figure       masticating
teeth arranged on the inner above the chamber 1 and to the left of the  35
surface of the chamber. These cooperating  chamber 4.
100       members can effect a rapid homogeneous   One composition which is
suitable for the       distribution of the constituents of the
above-mentioned purposes is the following:       mixture employed.
If, as described above, additional                   EXAMPLE  40
ingredients are to be admitted during the       masticating and mixing
operation, it is                                 Parts by
particularly advantageous to provide the     Ingredient
Weight  105       stationary masticating teeth with inlets for Polyethylene
(MJ8)       100       this purpose.
2,2,4-trimethyl-dihydro 45    In the further explanation of the
quinoline                           0.5      invention, reference will be
made to  tert.butylperoxyisononanate     0.2      the accompanying
diagrammatic draw-  1,3-bis-(tert.-butylperoxy                   110
ings, in which:                            ixopropyl) benzene
0.02      Figure  1 shows an apparatus in  Vinyltrimethoxysilane
2.0  50  accordance with the present invention of a Triallyl cyanurate
0.1       construction as broadly described above, Dibutyl tin dilaurate
0.5       and         Figure 2 shows another apparatus in    According to a
preferred feature of the  115      accordance with the present inventon,
this  invention, the above-mentioned de-gassing 55  being of a construction
which will be  of the warm moving mass takes place in a      described
later herein.                  zone utilised for the moulding of the
grafted        The apparatus shown in Figure 1  (co)polymer or elastomer
into the desired      incorporates a first extruder affording a  shape. In
this way it is possible to eliminate  120      masticating and mixing
chamber 1 which  bubble formation in the moulded material 60  has a
material inlet 1' and has through  arising from incompletely grafted
silane,      drillings 2 which end in the interior of the  volatile
peroxide decomposition products      chamber in the region of its
stationary  and/or included air. Even with greater wall      masticating
teeth, which are not shown in  thicknesses, which require greater 125
the drawing. The drillings 2 are  quantities of moulded material, there is
no 65  advantageously staggered in relation to one  bubble formation. The
material is therefore                4
1,495,850           particularly suited for the production of  ingredients,
e.g. silane, activators  65                pipes, and of insulation for
high and very  and hydrolysis or cross-linking catalysts can           high
voltage cables, by virtue of its   be carried out together with that of the
homogeneous structure.                   (co)polymer or elastomer in the
mixing         5  A particularly effective de-gassing in the  zone.
However, it may be advantageous if           zone utilised for the moulding
of the grafted  the addition of at least a cross-linking
(co)polymer elastomer into the desired   catalyst is deferred unitl after
the de-              shape can be achieved if the material is  gassing.
divided into at least two streams in the zone    It is also advantageous if
the (co)polymer       10 in this zone the favourable proportion of    or
elastomer and silane with are introduced               in this zone the
favourable proportion of  additive(s) dissolved therein are introduced   75
surface are a to mass of material will enable    into the machanical
working zone in a               the included gas or vapour to diffuse out
wetted condition. This can be carried out               rapidly enough
under vacuum.          for example, by allowing the silane and          5
It is particularly advantageous, inso far as   dissolved additives(s) to
drip into (e.g.)              there may be any material which has not
polyethylene granulat accomodated in              been fed out during
moulding, and which as  the hopper of an extruder, so that any         a
result of (e.g.) a leakage sets on the rear of  evaporating silane
condenses on (e.g.)the               the screw thread of an extruder screw,
is       polythylene granules upstream thereof,       2 burnt or encrusted
there, and when it works    which can thus be used as a condenser for
loose might spoil the product, that this  vapour from the silane.
material which is unsuitabile for moulding     t has been found
advantageous to feed in              should be conveyed in the opposite
one or more graftable anti-oxidants              direction to that in which
material is used  together with the (co)polymer or elastomer   25  for the
moulding is advanced. Eliminating   and whatever other additives are
required.                unsuitable material in this way gives a     These
anti-oxidants include oligomers of
particularly homogenous insulation, for
2,2,4-trimethyldihydroquinoline, as well as         example, for an
electrical conductor passed   this monomer itself. These com-            in
front of the nozzle of the extruder.          pounds contain a relatively
reac-   30     It is advantageous if mixing and working   tive C=C double
bond which is        of the (co)polymer or elastomer with the capable of
radical grafting on to the           respective  additional ingredient(s)
are   macromolecular chain of the (co)polymer        carried out in a zone
in which the material  or elastomer concerned. A stabiliser        is
present for a substantially uniform   molecule fixed in this way can
neither  35  residence time; thus perfect mixing and     migrate out nor
volatilise. It is present        homogenisation require that the materials
Permanently, and provides a lasting        concerned should remain so far
as possible   protection against oxidation.        for the same time in a
given zone, so that   Anti-oxidants with this property include        al1
particles are distributed with the same  derivatives of 2,2,4-trimethyl-
dihydroquinoline sold under the Trade 40   speed and homogeneously.
names Anox HB, Flectol H and Agerite         It is advisable that the
mixing and   Resin D, but also, and in particular, they       working of
the material and the melting  include monomeric quinoline derivatives,
thereof should be carried out gently,  for  example  6
ethoxy-2,4-trimethyl-       without temperature peaks, so as to avoid
dihydroquinoline (Santoflex AW) or 6-    45 premature cross-linking.
dodecyl-2,2,4-trimethyl-dihydro-         It is advantageous that the rate
of   quinoline (Santoflex DD). (The words         delivery  of the grafted
(co)polymer or  "Flectol" and "Santoflex" are registered Trade
elastomer into the de-gassing zoned should   Marks). The lastmentioned
products have      be variable and be adjusted according to  the advantage
that they are liquid at room 50  the quantity passed out to be moulded into
temperature and can be introduced into the      the desired shape. In this
way it can be  (co)polymer or elastomer particularly easily      ensured
that de-gassing can take place   and be distributed homogeneously
uniformly and effectively. To effect the   Graftable anti-oxidants are
advantageously      adjustment of the said rate of delivery, it added in
proportion of 0.05 to 0.5% by has been found particularly advantageous
weight.     to resort to regulation of the pressure in the  uring  the
introduction of the        said zone; thus, according to the pressure
(co)polymer or elastomer and the desired     produced in the de-gassing
zone by the   additive, material may be concurrently  quantity of material
already fed in, the      fed in which form water as a result of  60
quantity of material subsequently fed in can  chemical reactions. Thus it
is possible to  125     be increased or reduced, so that at all times add
to the (co)polymer or elastomer one or       the degree of filling of the
said zone is  more monobasic or polybasic fatty acids,         optimal for
the purpose of de-gassing.            for example stearic acid or adipic
acid,       The addition of the respective additional  together with one or
more non-hygroscopic
1,495,850                                      5     metallic oxides,
preferably tin or zinc oxide.  be provided a pressure control means for
The reaction of these substances gives an  controlling the inflow material
for the first     inert product and water, the inert product,  extruder.
Thus if the degree of filling of the     e.g. a metallic salt, having no
adverse  second extruder, as determined by the  5  influence either on the
cross-linking or on  quantity of grafted material were too high,  70
the properties of the product. The mixing of  then a pressure rise would
take place, so     the (co)polymer or elastomer with the  that adequate
de-gassing at the required     silane, the subsequent melting, the
grafting,  speed of production would no longer be     the de-gassing and
the moulding can be  possible. For this reason a monitoring 10  carried
out, in this order, with different  arrangement is desirable, whereby
pressure  75     pieces of apparatus, provided that the  control is
exercised in the de-gassing zone     residence times and temperatures
required  with a feed-back to means for regulating     in each case can be
duly achieved.     the rotation speed of the first extruder, so       The
most suitable form of apparatus for  as to reduce or increase the quantity
15  the present purpose, however, has been  supplied, according to the
prevailing   80      found to be an apparatus comprising two  pressure in
the second extruder.      extruders arranged in an "L" formation,    The
introduction  of the desired      the first of which serves to receive the
ingredients takes place in the hopper of the      (co)polymer or elastomer
and the  first extruder. This possibility of direct 20  respective
additional ingredient(s) and to  introduction, whereby (e.g.) a solution of
85      carry out the mechanical working and  one or more cross-linking
agents and a      grafting, and the second of which, being  polyethylene
granulate  are  brought      fixed to the first extruder downstream
together in the extruder hopper, makes      thereof, has a gas or vapour
extraction  possible considerably lower production 25  outlet which serves
for the de-gassing of the  costs, and in addition has important  90
grafted material delivered thereto by the  technical advantages, for
example by giving      first extruder, said second also serving for  a
degree of cross-linkage which is 5 to 10%      the further homogenisation
and extrusion  higher, and consequently giving improved      of the grafted
material.                  dimensional stability  at higher 30
Advantageously the first extruder has a  temperatures.
95      length of at least 20 times its diameter, and    So that mixing can
take place uniformly      preferably 25 to 30 times itsdiameter. Such  and
the desired  additive(s) can be      a length  facilitates the thorough
homogeneously distributed  in the      homogenising and distributing of the
(co)polymer or elastomer, the addition of 35  ingredients introduced, and
the gentle  the (co)polymer or elastomer and  100      melting of them. The
length of the first  additive(s) is preferably carried out by      extruder
may be subdivided into a  means of an endless belt weigher and a
mechanical working zone, whose length is  metering pump, the quantities
introduced      advantageously 6 to 10 times the diameter, by which are
regulated in relation to one 40  and a grafting zone whose length may be
another. The endless belt weigher and the  105     (e.g.) 24 to 10 times
the diameter. The  metering pump may advantageously be     temperatures in
the mechanical working  mounted together in a single unit, being     zone
are advantageously 120 to 170[err]C, but  enclosed by a common gas-tight
casing.     in the subsequent grafting zone, that is to   In a particularly
advantageous procedure 45  say after a distance of (e.g.) approximately
there is brought together with the (co)polymer  110      8 times the
diameter, the temperatures may  or elastomer, discontinuously, the
requisite      rise to (e.g.) 180 to 270C.          quantity of one or more
liquid cross-linking        The first extruder may be fixed on to the
agents, and the (co)polymer or elastomer is      side of the second
extruder. The transfer of thereafter mixed with the one or more 50  grafted
polyethylene, for example, from the  cross-linking agents and grafted. Thus
(e.g.)  115      first extruder to the second extruder whose  polyethylene
may be dispensed by a      throughput must be compatible with that of
metering pump operating discontinuously,      the first, takes place in a
predetermined  and stirred (mechanically) with the      zone of the second
extruder; for instance, requisite quantity of liquid cross-linking 55  this
may be approximately at a point 3 to 4  agent(s) to produce a homogeneous
120      diameters along its length, at which point mixture before the
material is passed into      there is a drilling in the cylinder. In a  the
hopper of the (first) extruder.      typical case, both extruders have
diameters    By means of the present process and      of 150 mm, the first
extruder has a length of  apparatus it is possible to keep the wall 60  25
diameters and the second extruder has a  thickness of the product (e.g. an
insulation) 125      length of 15 diameters.                   to the
minimum, that is to say a material-        In order to achieve the best
results, it is  saving process is possible.      advantageous that, in the
region in which   An apparatus comprising two extruders      the material
is delivered by the first  arranged in an "L" formation as mentioned 65
extruder to the second extruder, there shall  above will now be described
in greater 130    [err]                 6
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to Figure 2 of the  the product by this non-advancing material
accompanying drawings.                    is prevented.        The
apparatus shown in Figure 2 has an    As already indicated, the supply of
the      endless belt weigher 21 to feed the desired  material and the
addition of the cross-  5  material, e.g. an olefin polymer or  linking
agents, which are employed in the  70      copolymer composition, to a
filling hopper  form  of a solution, are effected      22 belonging to a
first extruder 23. At the  concurrently by the weigher 21 and pump
same time, a metering pump 24 feeds the  24, the output of these two
devices being      desired silane(s) with the desired additive(s)
appropriately adjusted both in relation to 10  dissolved therein into the
hopper 22, the  one another and in relation to the  75      amounts
conveyed by the weigher 21 and  throughput of the extruder 23. The material
the metering pump 24 being adjusted in  in the hopper 22, which serves as
condenser      relation to one another according to the  for vapour from
the silane solution, is      particular formulation chosen. A casing 25
advantageously kept moving by a slowly 15  surrounds the weigher 21 and
pump 24 in as  running hopper stirrer, not shown in the  80      gas-tight
a manner as possible, to prevent  drawing. Advantageously use may be made
the escape of vapour which may be formed.  of a grooved inlet bushing which
makes it      Insofar as the material 26 present in the  possible for the
feeding of the material in a      hopper 22 is granular, it can serve as a
wet condition to be carried out without any 20  condenser for vapour from
silane solution  difficulties.                              85      rising
through the hopper, which vapour      condenses on the granules and is
carried    WHAT WE CLAIM IS--      into the extruder 23.
1. Process for the production of a product        In the case illustrated
in Figure 2, the  comprising an olefin (co)polymer or other 25  extruder
cylinder has a diameter (D) of 150  thermoplastic (co)polymer which can be
mm and a length of 25 D. The incoming  cross-linked in the presence of
moisture by  90      material wetted with silane solution is  virtue of the
grafting on of a silane      intimatelymixed by the rotating screw27 of
compound, as herein  defined, or      the extruder, and it is caused to
melt and to  comprising an elastomer, in which, in a first 30  undergo
grafting as it advances. At a rate  extruder, the (co)polymer or elastomer
is      decided upon in each particular case, the  mechanically worked in
the presence of a  95      grafted material is thereafter fed through a
silane, and herein defined, and also of any      connecting member 28 to a
second extruder  desired additive(s) for grafting or cross-      29; this
is a discharging extruder whose  linking, at a temperature above 140[err]C,
the 35  dimensions, for example a diameter (D) of  (co)polymer or elastomer
together with the      150 mm and a length of 15 D, are such that
respective additional ingredient(s), when  100      the material supplied
by the first extruder  grafted with the silane, being continuously      23
can be applied at the outlet end 30 of the  de-gassed while still in the
form of a warm      second extruder 29 around (e.g.) a  moving mass, and,
immediately after the 40  continuous conductor 31. In the region in
de-gassing being moulded into the desired      which the transfer of the
material takes  shape by means of a second extruder, 105      place, i.e.
its transfer from the first to the  without any intermediate storage.
second extruder, there is provided a    2. Process in accordance with claim
1,      vacuum   connection,  indicated  wherein the (co)polymer or
elastomer is 45  diagrammatically at 32; using a vacuum of 1  applied in
the form of sheath around an      to 200 mm Hg, the grafted material is
here  electric cable or lead, a pipe, or another 110      de-gassed before
undergoing further  elongated product of indefinite length.
homogenisation in the adjacent portion of   3. Process in accordance with
claim 1 or      the screw 33 of the second extruder.        3. Porcess in
accordance with claim 1 or 50    In order that material which may be  2,
wherein one or more additives for      adhering to the upstream side of the
screw  grafting or cross-linking are employed, the      thread of the screw
33 and may form a crust said (additive(s) comprising one or more 115
or burn there, which from time to time may peroxide and/or one or more
activators.      be loosened again, shall be prevented from    4. Process
in accordance with claim 1, 2 55  being carried forward with the finally
or 3, wherein the silane and any desired     prepared mixture, the portion
34 of the  additive(s) for grafting are added to the     screw 33 is made
with a negative pitch; that  (co)polymer or elastomer in a separate 120
is to say, the portion 34 has a pitch running  operation from  the
mechanical work-     in the opposite sense to that of the portion  ing,
during energetic movement of the 60  of the screw 33 by which the material
is  (co)polymer or elastomer, the (co)polymer      advanced. As a
"leakage", material tending  or elastomer being in powder, grit or other
to be carried towards the rear of the  particulate form.
125      extruder 29 is engaged by this portion 34 of    5. Process in
accordance with claim 1, 2      the screw  33, and carried out of the  or
3, wherein the silane and any desired 65  extruder. By this arrangement,
spoiling of  additive(s) for grafting are added to the            7
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(co)polymer or elastomer during  the        17. A product comprising a
cross-linked        mechanical working.                       (co)polymer
or elastomer produced by a          6. Process in accordance with any of
the  process in accordance with any of claims I        preceding  claims,
wherein  mixing and  to 11, or by means of an apparatus as    5  working of
the respective ingredients is  claimed in any of claims 12 to 16.
70        carried out at a temperature from 160 to    18. Process in
accordance with claim 1, 2        250[err]C.                            18.
Process in accordance with claim 1,2          or 3, wherein the de-gassing
of the said          7. Process in accordance with any of the
preceding claims, wherein there are added   utilised for the moulding of
the grafted               10  carried out under a vacuum of 1 to 100 mm
(co)polymer or elastomer into the desired   75           8. Process in
accordance with any of the    shape.                   preceding calims,
wherein there are added       19. Process in accordance with claim 18,
to the (co)polymer or elastomer  wherein the grafted material is divided
into   15  beforehand, together with the silane and  at least two streams
in the zone in which the       any desired additive(s) for grafting or
cross-  de-gassing takes place.              80       linking, one or more
anti-oxidants for    20. Process in accordance with claim 18       thermal
stabilisation.                    or claim  19, wherein material which is
9. Process in accordance with any of the  unsuitable for the moulding is
segregated   20  preceding claims, wherein a catalyst which  by being
conveyed in'the opposite direction       accelerates the silanol
condensation  to that in which material which is used for   85
reaction in which the silane employed  the moulding is advanced.
participates is added to the (co)polymer or    21. Process in accordance
with any of       elastomer during the mechnical working.   claims 18 to
20, wherein mixing and  25    10. Process in accordance with claim 1',
working of the (co)polymer or elastomer       substantially as described
with reference to  with respective additional ingredient(s) are   90
Figure 1 of the accompanying drawings.   carried out in a zone in which the
material is         11. Process in accordance with claim 1,  present for a
substantially  uniform       wherein polyethylene is employed and is
residence time.  30  compounded with additional ingredients    22. Process
in accordance with any of       substantially as set forth in the foregoing
claims 18 to 21, wherein the rate of delivery   95       Example.
of the grafted (co)polymer or elastomer         12. Apparatus, when used
for carrying  into the de-gassing zone is variable and is       out a
process in accordance with claim 1,  adjusted according to the quantity
passed  35  comprising a first extruder affording a  out to be moulded into
the desired shape.       masticating and mixing chamber, and a    23.
Process in accordance with claim 22, 100       second extruder affording an
ejection zone  wherein the adjustment of the said rate of       with an
extrusion head for the grafted  delivery is effected by regulation'of the
material, the apparatus having a vacuum   pressure in the said zone.  40
de-gassing chamber which provides a    24. Process in accordance with any
of       connection between the masticating and  claims 18 to 23, wherein,
after the said de-  105       mixing chamber and the ejection zone.
gassing, at least a catalyst for the cross-         13. Apparatus as
claimed in claim  12,  linking of the (co)polymer or elastomer is
wherein the said masticating and mixing  introduced. 45  chamber has inlets
for the admission of    25. Process in accordance with any of
additional ingredients.                   claims 18 to 24, wherein, by the
concurrent 110         14. Apparatus as claimed in claim 12 or
introduction  of the (co)polymer or      13, wherein the masticating and
mixing  elastomer and silane with any desired      chamber has a screw
driven by drive means  additive(s) dissolved  therein, the 50  adapted to
impart to it not only a  (co)polymer or elastomer is caused to reach
rotary movement but also a backwards  the mechanical working zone in a
wetted  115      and forwards movement.                    condition.
15. Apparatus as claimed in claim 14,    26. Process in accordance with
claim 25,      having  stationary  masticating  teeth   wherein  the
(co)polymer or elastomer 55  arranged  on the inner surface of  awaiting
mechanical working serves as a      the masticating  or mixing chamber,
condenser for vapour from the silane.          120      which co-operate
with  corresponding      27. Process in accordance with any of
shoulders on the screw, the stationary  claims 18 to 26, wherein there is
brought      masticating  teeth b eing provided  together with the
(co)polymer or elastomer, 60  with inlet's for the  admission  of
discontinuously, the requisite quantity of      additional ingredients
during  the  one or more liquid cross-linking agents,  125      masticating
and mixing operation.         and the (co)polymer or elastomer is
16. Apparatus as claimed in claim  12,  thereafter mixed with the one or
more      substantially as described with reference to  cross-linking
agents and grafted. 65   Figure 1 of the accompanying drawings.      28.
Process in accordance with claim 18,            8
1,495,850      substantially as described with reference to  29 to 36,
wherein, in the region in which the      Figure 2 of the accompanying
drawings.    material is delivered by the first extruder to        29.
Apparatus, when used for carrying  the second extruder, there is provided a
out a process in accordance with claim 18,  pressure control means for
controlling the  5  comprising two extruders arranged in an  inflow of
material for the first extruder.    50          formation, the first of
which serves to    38. Apparatus as claimed in any of claims      receive
the (c)polymer or elastomer and  29 to  37, wherein the feed of the
the respective additional ingredient(s) and  (co)polymer or elastomer and
of the      to carry out the mechanical working and  additional
ingredient(s) is carried out by 10  grafting, and the second of which,
being  means of an endless belt weigher and a   55      fixed to the first
extruder downstream metering pump, the quantities introduced      thereof,
has a gas or vapour extraction  by which are regulated in relation to one
outlet which serves for the de-gassing of the  another.      grafted
material delivered thereto by the    39. Apparatus as claimed in any of
claims 15  first extruder, said second extruder also  29 to 38, wherein the
(co)polymer or  60      serving for the further homogenisation and
elastomer is introduced in a wet condition      extrusion of the grafted
material,       through a grooved inlet bushing.        30. Apparatus as
claimed in claim 29,    40. Apparatus as claimed in claim 37, or
wherein the first extruder has a length of at  claim 38 or 39 when read
with claim 37, 20  least 20 times its diameter.               wherein the
pressure control means  65        31. Apparatus as claimed in claim 30,
cooperates with the first extruder to      wherein the first extruder hasa
length of 25  regulate the rotation speed of the latter in      to 30 times
its diameter.                  such a sense that the degree of filling of
the        32. Apparatus as claimed in claim 29, 30  first extruder is kept
at an optimal value for 25  or 31, wherein the length of the first
effective de-gassing.                          70      extruder is
subdivided into a mechanical    41. Apparatus as claimed in claim 38, or
working zone and a grafting zone.          claim 39 or claim 40 when read
with claim        33. 'Apparatus as claimed in claim 32,  38, wherein the
endless belt weigher and      wherein the mechanical working zone has a
the metering pump are mounted together in 30  length of 6 to 10 times the
diameter of the  a single unit, being enclosed by a common   75      first
extruder.                            gas-tight casing.        34. Apparatus
as claimed in any of claims    42. Apparatus as claimed in claim 29,
29to 33, wherein the first extruder is fixed  substantially as described
with reference to      on to the side of the second extruder.    Figure 2
of the accompanying drawings. 35    35. Apparatus as claimed in any of
claims   43. A product comprising a cross-linked  80      29 to 34, wherein
the screw of the second  (co)polymer or elastomer, produced by a
extruder is provided, on its end portion  process in accordance with any of
claims 18      remote from the point of extrusion, with a  to 28, or by
means of an apparatus as      screw thread which is opposite in sense to
claimed in any of claims 29 to 42, 40  the screw  thread which advances the
material to the point of extrusion.                   For the Applicant,
36. Apparatus as claimed in any of claims   CARPMAELS & RANSFORD,     29 to
35, wherein the second extruder              Chartered Patent Agents,
contains a de-gassing zone.                         43 Bloomsbury Square,
45     37. Apparatus as claimed in any of claims        London WC1A 2RA.
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