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ROVINGS (71)   We, IMPERIAL  CHEMICAL  its melting point will flow to form
a.homo-  45 INDUSTRIES  LIMITED,  of  Imperial  geneous mass. The powdered
thermoplastic Chemical House, Millbank, London, S.W.1.,  material we prefer
to use is a particulate a British Company do hereby declare the in-
material of weight-average particle size less 5  vention, for which we pray
that a patent may  than 1500 microns (" weight-average " particle be
granted to us, and the method by which it  size means that given by
[err](we di)/[err](we)  50 is to be performed, to be particularly described
where we is the weight and di the diameter of in and by the following
statement: -      the [err] particle). We especially prefer to use The
present invention relates to a process  material of between 100 and 500
microns 10  for the production of fibre reinforced syn-  weight-average
particle size, although it is thetic thermoplastic materials and to
moulding  often useful to include a small quantity of  55 materials
produced therefrom.             powder of average particle size well
outside Reinforced  thermoplastic  materials  are  this range. Examples of
suitable thermoplastics generally produced by compounding a re-  which may
be used include polymers and co- 15  inforcing material and a thermoplastic
material  polymers of [err]-olefines, such as high and low together on, for
example, a two roll mill or  density polyethylene, polypropylene, poly-  60
in an extruder and then comminuting the  butene, poly-4-methyl pentene-1,
propylene/ crepe or extrudate thus obtained to produce  ethylene
copolymers, copolymers of 4-methyl granules which are subsequently moulded
to  pentene-1 with linear [err]-olefines containing 4 .20  form the desired
articles. However, cheap re-  to 18 carbon atoms, and ethylene/vinyl
acetate inforcing fibres particularly glass fibres are  copolymers;
polymers and copolymers of vinyl 65 often supplied as continuous rovings
consisting  chloride, vinyl acetate, vinyl butyral, styrene, of several
groups of filaments. It is difficult to  substituted styrenes such as
[err]-methyl styrene, produce satisfactory moulding granules from
acrylonitrile, butadiene, methyl methacrylate, 25  these rovings because
thermoplastic material  vinylidene chloride. Specific examples of such
cannot be adequately distributed throughout  polymers include vinyl
chloride homopolymers  70 the roving to ensure an acceptable dispersion
and copolymers of vinyl chloride with vinyl of the glass in the
subsequently moulded pro-  acetate,  propylene,  ethylene,  vinylidene duct
without a long and severe moulding  chloride, alkyl acrylates such as
2-ethyl hexyl 30  operation. The present invention is directed  acrylate,
alkyl fumarates, alkyl vinyl ethers, towards overcoming this disadvantage.
such as cetyl vinyl ether, thermoplastic poly-  75 According to the present
invention we pro-  imide precursors; polyvinyl acetate; poly- vide a
continuous process for the production of  vinyl butyral; polystyrene;
styrene/acrylo- fibre reinforced thermoplastic material com-  nitrile
copolymers; polyacrylonitrile; copoly- 35  prising passing a roving through
a bed of  mers of butadiene with methyl methacrylate powdered thermoplastic
material and while  and/or styrene and optionally acrylonitrile;  80 the
roving is in said bed separating the rov-  polymethyl  methacrylate;
copolymers  of ing into bundles each consisting of one or  methyl
methacrylate with minor amounts of more filaments and subsequently heating
the  alkyl acrylates such as methyl acrylate, ethyl 40  roving  impregnated
with  the  powdered  acrylate and butyl acrylate; copolymers of
thermoplastic to above the melting point of  methyl methacrylate, and
vinylidene chloride/  85 the thermoplastic.
acrylonitrile copolymers; melt processable co- By the term "thermoplastic
material" we  polymers of tetrafluoroethylene and hexa- mean a material
which when heated to above  fluoropropylene. [Price 25p]  
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2 Halogenated polymers or copolymers may  may be stationary about their
axes or they may be used; for example halogenated a-olefine  rotate about
their axes. polymers, such as chlorinated polyethylene, or    The diameter
of the glass roving while it is halogenated vinyl chloride polymers such as
being hauled through the polymer bed is pre- 5  chlorinated polyvinyl
chloride.             ferably within the range 0.5 to 4 mm although  70
Other thermoplastic polymers that may be  the diameter is arbitrary and
will not neces- used include condensation polymers such as  sarily be the
same as that of the roving be- the injection moulding grades of linear
poly-  fore being subjected to the process of the esters such as
polyethylene terephthalate; poly-  present invention. In fact  the roving
may 10 amides such as polycaprolactam, polyhexa-  exist as a tape before
treatment.           75 methylene adipamide and copolyamides such    It is
particularly important in our process as copolymers of hexamethylene
diamine adip-  that the thermoplastic material should be in ate and
hexamethylene diamine isophthalate,  the form of a powder. This is because
the particularly those containing from 5 to 15%   powder has an abrasive
effect on the glass 15  by weight of hexamethylene diamine iso-  rovings
which pushes the individual fibres  80 phthalate; polysulphones and
copolysulphones;  apart resulting in excellent impregnation of
polyphenylene oxides; polycarbonates; thermo-  the glass roving by the
polymer. It is, never- plastic polymers and -copolymers of formalde-
theless, important to subject the rovings to a hyde; thermoplastic linear
polyurethanes; and  combing action in the presence of the powder 20  the
thermoplastic derivatives of cellulose such  so that they are initially
separated so that the  85 as cellulose acetate, cellulose nitrate and
cellu-  powder can penetrate the fibres to exert an lose butyrate.
abrasive effect. If there is no combing effect Where a copolymer is used,
the amounts of  little polymer will be picked up. As mentioned the
comonomers that are used in the various  hereinbefore it is often desirable
to include a 25  copolymers will depend, inter alia, on the  small quantity
of a powder of particle size  90 particular   application   or
applications  well outside that of the range of the bulk of envisaged.
the thermoplastic being treated as this may Blends of these thermoplastic
resins may  sometimes improve the abrasive properties of also be  used.
the thermoplastic material. The particles of 30    Additives such as
stabilisers, lubricants,  the thermoplastic material may also have bet-  95
processing aids, plasticisers, dyes, pigments,  ter abrasive properties if
they are jagged and impact modifiers and fillers may be incorpor-
irregular rather than smoothly spherical. The ated into the thermoplastic
used to achieve a  importance of the abrasive effect of the desired
appearance, property or combination  powder is seen when, by way of
comparison, 35  of properties.                              the rovings are
passed through a thermoplastic  100 The fibrous reinforcing material may be
melt, emulsion or solution. In such cases, rovings of mineral fibrous
material such as  even though the roving is combed, the emerg- glass
fibres. A glass roving usually consists of  ing roving effectively merely
has a sheath of a number of groups called 'ends' of continu-  thermoplastic
material around it -and little 40  ous glass filaments. We prefer to use
glass  separation and penetration of the roving  105 rovings which have
been coated with a finish  occurs. The dispersion of the polymer in the
such as a silane which improves the bond be-  roving using such methods is
thus poor and tween the glass and the thermoplastic. Addi-  the emerging
roving of limited use as starting tionally they may be coated with a size
or  material for subsequent processing operations 45  suitable film former
such as starch, polyvinyl  to produce reinforced articles. Furthermore, 110
alcohol or polyvinyl acetate to protect the  if it is  desired to cut the
roving after im- fibres  from   abrasion.  Other  reinforcing  pregnation
with  the  thermoplastic  into materials that may be used include carbon
granules, this is rendered more difficult if the fibres or thin metal
wires.                strands of the roving have not been separated 50
The thermoplastic particulate material may  by the thermoplastic material.
To  overcome 115 also contain a coupling agent  to improve the  such
granulation difficulties with imperfectly bond between the glass and the
thermoplastic  impregnated rovings such as are obtained by resin.
passing the roving through a molten  thermo- Any suitable means may be used
to separ-  plastic or an emulsion or solution the roving 55  ate or " comb
" the strands of the roving as it  must generally be heated once again. In
addi- 120 passes through the powdered thermoplastic.  tion, in the case of
emulsions or solutions,  it We prefer to use a short toothed comb through
is necessary to drive off the solvent or carrier 



which the rovings are drawn or a series of  before subsequent treatment.
threaded or ribbed rods or bars may be used  The powder may, if desired, be
fluidised by 60  and the roving conveniently drawn over and  the
introduction of a gas stream into the poly- 125 under successive rods or
bars to separate the  mer bed. This has the advantage that less roving into
bundles of filaments. The combs,  force is required to pull the roving
through the rods or bars may be made of any suitable  polymer and
separating devices at a given material such as metal, ceramic, plastic or
haul-off speed than to pull a roving through 65  wood; also, if rods or
bars are employed they  an unfluidised bed at the same speed. This 130    3
1,334,702                                     3 effect becomes more
pronounced the higher  ture and in fact it is preferable in our process the
haul-off speed and the larger the diameter  that the hot impregnated roving
is cooled, for of the roving being treated. Any suitable gas  example, by
passing it through a cooling bath may be employed to fluidise the polymer
bed.  such as a water bath before chopping up into 5  Suitable gases
include air, nitrogen, carbon  granules. Alternatively, the impregnated
rov-  70 dioxide, or inert gases such as helium or argon.  ing or rovings
may be fed to a heated pro- If desired the bundles of fibres in the rov-
filed die to produce a fibre reinforced thermo- ing may be initially spread
out by subjecting  plastic section. them to a gas jet before they pass into
the    The presence or absence of a static charge 10  powder bed where they
are further separated.  on the apparatus used or the thermoplastic  75 The
roving is spread out as it passes through  powder particles has been found
to have no the powdered thermoplastic so that the powder  significant
effect on the amount of polymer penetrates within the fibre structure of
the  picked up by the roving or on the extent of roving. It is, of course,
to be understood that  impregnation. 15 two or more rovings may be passed
through    As hereinbefore stated, the thermoplastic  80 the bed at the
same time. The rovings may,  material used in the process of our invention
for example, be situated side by side or one  must be a powder. Furthermore
it is prefer- upon the other. The roving may be pulled  able that it be a
dry, free flowing powder be- through the bed at any suitable speed but we
cause we have found that the higher the 20  have found haul-off rates
between 30 cm per  moisture content of the powder and hence the  85 minute
(approximately 1 foot per minute) and  poorer its flow, the less  polymer
is picked up 1500 cm per minute (approximately 50 feet  when the roving is
passed through the powder. per minute) to be particularly convenient.  The
presence of a small proportion of particles After passage through the bed
the impregnated  of markedly smaller particle size than the bulk 25  roving
is heated to a temperature above, and  of the thermoplastic powder will
also assist the  90 sometimes well above, the melting point of the  powder
flow properties. thermoplastic so that the polymer flows to    The process
of the present invention has form a matrix in which the fibres of the
roving  the added advantage that the machinery or are embedded.
Conveniently the roving is  apparatus used for the production of impreg- 30
heated by passage through a heated tube in-  nated rovings  is cheap and
simple. Further-  95 corporating a forming die at the end where  more, the
apparatus is not subjected to the the roving emerges. The maximum polymer
wear and tear normally experienced when content (and hence minimum glass
content) of  compounding polymers and glass fibres in, the emerging
impregnated roving may be con-  for example, a screw extruder. 35  trolled
inter alia by adjusting the size of the    The present invention is
illustrated but in  100 die opening to match the weight per unit  no way
limited by reference to the diagram- length of the roving being used. By
such ad-  matic drawings, Figure 1 of which accom- justment a wide range of
glass contents for  panied the provisional specification and in the same or
different rovings may be achieved.   which: Figures 2 to 5 of which
accompany 40  It is sometimes preferable to water cool the  this
specification, in which:         105 die in order to achieve a better
surface finish    Figure 1 illustrates schematically a working on the
impregnated roving. The tube used may  embodiment of our invention. be of
any suitable length but we have found a    Figures 2 to 5 are reproductions
of drawings tube having a length within the range 90 cm   of transverse
cross sections of granules pro- 45  to 370 cm (approximately 3 feet to 12
feet)  duced by the process of our invention.  110 particularly convenient
to use. Alternatively    Figure 6 is a reproduction of a drawing the roving
may be passed through a crosshead  of a transverse cross section of a
granule not of an extruder which is heated to the required  produced by the
process of our invention. 



temperature which depends on the nature of    In Figure 1 a continuous
glass roving 1 is 50  the thermoplastic material. If desired a further
passing through a metal tray 2 which contains 115 coating of thermoplastic
may be applied to  powdered  thermoplastic  material 3. Five the outside of
the roving as it passes through  threaded bars 4 of [err] inch diameter
extend the cross-head.                           transversely across the
tray 2 and each bar is If  desired, the pick up  bath (i.e. the vessel
provided with a standard Whitworth thread of 55  which contains the bed of
powdered thermo-  20 threads per inch along its length. As is 120 plastic
material) and tube or extruder may be  shown in the drawing the glass
roving is enclosed in an inert gas to prevent oxidation.   threaded through
the bars which are positioned The impregnated roving obtained by the
beneath the powdered thermoplastic so that process of the present invention
may be  the roving is separated into bundles of fila- 60  chopped and used
as granules in conventional  ments by the threads and the roving is im- 125
injection moulding operations and we have  pregnated with the powder. The
impregnated found that the present invention provides a  roving passes
through a tube 5 which is sur- particularly convenient method for producing
rounded by a heating jacket 6 where the these granules. In particular the
impregnated  powdered thermoplastic material is heated to S9  roving may be
chopped up at room tempera-  a temperature above its melting point so that
it 130    1,334,702                                     4 flows to form a
matrix surrounding the strands  number of the separate glass bundles within
of the roving. Finally the roving leaves the  the  cross-sections from each
granule. A num- tube through the heated die 7.             ber of drawings
of the cross-sections were also In another embodiment of the invention, the
made and a typical one is reproduced in 5  apparatus shown in Figure 1 is
modified by  Figure 2. connecting a source of nitrogen gas to the base
The granules obtained were also used for  70 of the tray 2 so that the
roving is passed  the injection moulding of disc shaped mould- through a
fluidised bed of the polymer 3.  ings. The machine used was a single screw
The present invention is illustrated by the  injection moulding machine
with a barrel of 10  following Examples in which impregnated   8 ounces
capacity. During injection the barrel rovings were produced using an
apparatus of  was kept at a temperature rising over the  75 the type
illustrated in Figure 1, although this  length of the barrel from 220[err]
to 250[err] apparatus was modified in some way in most  (just before the
nozzle) while the nozzle was of the Examples. In these Examples, the rov-
kept at a temperature of 230[err].  The effective- 15 ings consisted of
continuous glass filaments  ness of the granules for injection moulding
grouped into "ends", a certain number of  was estimated by measuring the
minimum   80 which constitute a roving.   -             screw back time
required to obtain a mould- Examples 1 to 5 are intended to illustrate  ing
of good and even appearance with no un- the advantage of passing the roving
through a  dispersed lumps of glass. The screw back time 20  bed of powdery
polymer as against a bed of  is the time taken, while feeding material into
molten polymer. The results obtained in these  the hopper, for the screw
ram to move back  85 Examples are summarised in Table 1.        from the
nozzle a sufficient distance for the barrel behind the nozzle to
accommodate the EXAMPLE 1.                   charge of material to be
injected. This may be A 21 end glass roving having 408 filaments  varied by
adjusting the back pressure on the 25  per end, the filaments being coated
with a  screw. The longer is this screw back time, the  90 silane finish
and a polyvinyl acetate protective  more mechanical shear the material
being pro- size, was drawn by a haul-off mechanism   cessed receives. Thus
granules having poor through an apparatus of the type shown in  glass
dispersion require a longer screw back Figure 1 but having minor
modifications as  to achieve a uniform moulding than granules 30  will be
exemplified below. The tray contained  having good glass dispersion. It is
desirable  95 a commercially available powdered unpig-  to have as short a
screw back time as possible mented polypropylene homopolymer of weight  for
two reasons. Firstly the shorter the screw average  particle  size
approximately  250  back time, the shorter and hence more microns and which
contained a coupling agent.  economical is the moulding cycle. Secondly, 35
The roving was separated into bundles of fila-  the longer the screw back
time, the greater is 100 ments of various sizes by passage round 7  the
shear and hence filament breakdown suf- metal bars of [err] inch diameter
each formed  fered by the fibres and since, other things be- with a
standard Whitworth thread of 20  ing equal, the longer the average length
of the 



threads per inch. The heated tube was about  filaments, the better will be
the mechanical 40  16 mm interior diameter and 90 cm long and  properties
such as tensile strength  of the  105 was heated to 350[err] at the entry
end and to  moulded article, it is clearly advantageous that 300[err] at
the die end. The die was 3.8 mm   the screw back time should be as short as
internal diameter. After emergence from the  possible. die, the impregnated
roving was cooled by pas- 45  sage through a water bath.
EXAMPLE 2. Using a haul-off speed of 150 cm  per    The experiment
described in Example 1 was 110 minute (approximately 5 feet per minute),
the  repeated except that the haul-off speed of the roving picked up
polymer as it passed through  roving was decreased to 61 cm per minute the
tray and then became consolidated as it  (approximately 2 feet per minute).
The disper- 50  passed through the tube and the die so that the  sion of
the polymer and the effectiveness of bundles of glass fibres were well
embedded in  the granules for injection moulding were esti- 115 molten
polymer. After cooling the lace was  mated and examined in the same way as
in cut up to give granules containing 25%  by  Example 1. A drawing of a
typical cross-sec- weight of glass fibre which were found to be  tion of a
granule is shown in Figure 3. 55  particularly suitable for injection
moulding. The extent of the dispersion of the polymer           EXAMPLE 3.
within the glass roving was estimated by the    The experiment described in
Example 1 120 following technique. Random  granules were  was repeated
except that the bed of polypro- selected and transverse cross-sections of
these  pylene powder was fluidised by a  stream of 60  having a thickness
of approximately 1 mm   nitrogen entering at positions in-the base-of the
were cut using a sharp razor blade. The  tray as hereinbefore described and
the number samples were viewed under a microscope with  of bars was
decreased to 5. The dispersion of 125 magnification 56. The dispersion of
the poly-  the polymer and the effectiveness of the mer was estimated by
noting the range of the  granules for injection moulding was estimated    5
1,334,702                                      5 and examined in the same
way as in Examples               EXAMPLE 5. 1 and 2. A drawing of a typical
cross-section    The experiment described in Example 1 of a granule is
reproduced in Figure 4.   was repeated except that the bed of powdered  15
polypropylene was substituted by a bath of EXAMPLE 4.
molten polypropylene kept at 250[err]. The dis-- 5    The experiment
described in Example 3  persion of polymer in the granules and the was
repeated except that the number of bars  effectiveness of the granules for
injection was reduced to 3. The dispersion of the poly-  moulding was
estimated and examined as  20 mer and the effectiveness of the granules for
described in Examples 1 to 4. A drawing of a injection moulding was
estimated and ex-  typical cross-section of such a granule is re- 10
amined as described in Examples 1 to 3. A   produced in Figure 6. drawing
of a typical cross-section of such a    The data obtained in Examples 1 to
5 are granule is reproduced in Figure 5.         now summarised in Table 1
below.           25 TABLE 1 Range of the   Screw-backtime number of
during injection Reference                                        Haul-off
glass bundles   moulding of Example         State of the       Number
Speed      per cross-section  granules Number        Bed of Polymer
of bars    cm per min      of granule      seconds Example 1
Non-fluidised Powder        7           150         35 to 40           25
Example 2    Non-fluidised Powder        7            60         45 to 46
25 Example 3    Fluidised Powder            5           150         30 to
40            25 Example 4    Fluidised Powder            3           150
13 to 30            25 Example 5    Melt                        7
150          1 to 6             55 From the results shown in Table 1 it is
clear  ployed on the amount of polymer that is in-  55 that the dispersion
of the polymer in the  corporated into the glass roving as it passes
granules in the cases where a powdery polymer  through the bed of powdered
polymer. 30  is used in the tray, whether fluidised or non- fluidised, is
far superior to the polymer disper- sion in granules produced when the tray
con-             EXAMPLE 6. 



tains a polymer melt.                        The materials and operating
procedure used This result is exemplified by the drawings  in Example 1
were adopted except that the  60 35  reproduced in Figures 2 to 5. The
cross-sec-  haul-off speed used was 90 cm per minute tions of the granules
produced from a polymer  (approximately 3 feet per minute) and the powder
contain many discrete glass bundles  numbers of bars employed were, in
separate whereas the cross-section of the granule pro-  sets of experiments
3, 5, 7, 9 and 11. In each duced via a polymer melt indicates that the
experiment, after the system had settled down  65 40  granule comprises
little more than a sheath of  and was in equilibrium 0.91 metre (1 yard) of
polymer surrounding an almost unseparated  the impregnated roving emerging
from  the glass roving.                              bed of polymer was cut
out and weighed. This The usefulness of the granules prepared   was
repeated four times for each bar system. according to our invention is even
further con-  The amount of polymer incorporated per gram   70 45  firmed
by comparison of  the screw back times  of roving was thus determined for
each bar occurring during the injection moulding of  system. the granules
prepared as described in Ex- amples 1 to 5. Thus it is seen that granules
EXAMPLE 7. prepared via the melt require a screw back    The materials and
operating procedure used 50  time of more than twice that of the granules
in Example 6 were adopted except that the  75 prepared according to our
invention.       haul-off speed for all the experiments was The experiments
described in Examples 6  300 cm per minute (approximately 10 feet to 9 are
intended to illustrate the effect of the  per minute). The products were
evaluated in haul-off speed and the number of bars em-  the same manner as
in Example 6.    6                                     1,334,702
6 EXAMPLE 8.                                EXAMPLE 9. The materials,
operating procedure and    The materials, operating procedure and
evaluation procedure used in Example 6 were  evaluation procedure used in
Example 7 were adopted except that the bed of polymer was  adopted except
that the bed of polymer was 5  fluidised as hereinbefore described.
fluidised as hereinbefore described.      10 The data obtained in the
experiments des- cribed in Examples 6 to 9 are summarised in Table 2 below.
TABLE 2 Weight of Polymer Haul-off                   in grams Reference
speed                   incorporated per Example         State of the
cm per      Number       gram of roving     % Glass Number        Bed of
Polymer       minute      of bars     Average of 4 runs   (by  weight)
Example 6    Non-fluidised              90           3             1.2
45 5             2.6             28 7             3.0             25 9
3.9             21 11             4.0             20 Example 7
Non-fluidised              303                         1.4             42 5
2.3             30 7             3.6             22 9             3.8
21 11             4.0             20 Example 8    Fluidised
90          3             1.5              40 5             2.2
31 7             2.4             30 9             3.0             25 11
3.9             21 Example 9    Fluidised                  300          3
0.7             60 5             1.7            38 7             2 1
32 9             3.0             25 11             3.8             21 



15    From the results shown in Table 2 it is clear  mixture was poured
into a polypropylene tray that increasing the number of bars increases
containing 9 bars. A glass roving of the type the amount of polymer
incorporated into the  used in Example 1 was pulled through the tray  35
rovings. However, it is apparent that increas-  at a haul-off speed of 90
cm per minute ing the haul-off speed does not substantially  (approximately
3 feet per minute). 20  effect the amount of polymer incorporated into
After the system  has equilibriated, the the rovings except in the case of
a fluidised  amount of polymer being incorporated into bed having a small
number of bars in which  each gram of the roving was estimated as  40 case
increasing the haul-off rate decreases the  described in Examples 6 to 9.
This was amount of polymer incorporated.           found to be 1.1 gms of
polymer per gram of 25    Examples 10 and 11 are intended to illu-  roving
i.e. the impregnated roving contained strate the effect of moisture on the
amount of  65%  glass. Examination of the impregnated polymer incorporated
into a glass roving when  roving showed that there was, in fact, no pene-
45 it is passed through a bed of the polymer.  tration of the polymer into
the roving and that the only polymer pick up was due to wet poly- mer
sticking to the surface of the roving. Thus EXAMPLE 10.                  it
is clear that excess moisture in the  poly- 30    A slurry of the
polypropylene powder used  meric powder seriously limits the ability of  50
in Example 1 and water was prepared having  the apparatus to impregnate the
glass roving a solids content of 56.5%  by weight. The  with powder.    7
1,334,702                                      7 EXAMPLE 11.
content was high. As the experiment pro- The polypropylene powder used in
Example  ceeded, however, and as the polymer dried out, 1 was tumble
blended with 2% by weight of  the weight of polymer picked up by the roving
water and the resulting material used in a  increased until after about 45
minutes, by 5  fluidised bed in the manner described in Ex-  which time the
powder was flowing normally,  15 ample 3, the tray containing 13 bars and
not  the usual high penetration and pick up of the 5 as in Example 3. It
was found that at the  polymer was observed. The results obtained start of
the experiment, the material would  during this experiment are summarised
in not flow and no penetration of the polymer  Table 3. 10  into the roving
was observed so that the glass TABLE 3 Time Elapsed from the beginning of
Roving Haul-Off    % Glass in Impregnated Minutes
Roving 0 5                            65 15                            48
20                            40 25                            40 32
28 40                            28 50                            25 Thus
it is clear from this experiment that           EXAMPLE 12. it is very
desirable that the polymer should not    The materials, operating procedure
and contain so much moisture as will prevent it  evaluation procedure
adopted were as used in from flowing freely.                      Example 6
except that in one series of experi- 25    Example 12 is intended to show
that the  ments an earthed metal tray having metal bars  35 excellent
incorporation and penetration of  was used and then, in a second series of
ex- polymer obtained using our invention is not  periments a polypropylene
tray having elec- due to the effect of electrostatic charges pres-
trically charged metal bars was used. The re- ent in the system and is in
fact independent of  sults of the experiments are summarised in 30  any
such effect.                          Table 4 below.
40 TABLE 4 % Glass in Impregnated Type of Tray         No. of Bars
Roving 



Earthed metal with metal bars                5                 28 7
23 9                 25 Polypropylene with             5                 27
charged metal bars             7                 25 9                 25
8                                     1,334,702
8 It is thus clear that electrostatic charging of  1. The tray employed had
11 bars of the type the apparatus is not a relevant factor in our
described in Example 1. Two pulling speeds invention.
were used; 90 cm per minute (approximately Example 13 is intended to
illustrate that  3 feet per minute) and 340 cm per minute 5  although a
fluidised bed is not advantageous  (approximately 11 feet per minute)
respect-  20 over a non-fluidised bed from the viewpoint  ively and the
pull required for each speed was of the amount or quality of dispersion of
the  measured. The experiment was repeated for a polymer incorporated, it
nevertheless has the  fluidised bed of polymer. A control experiment
advantage that less effort is required to pull  with no polymer in the bed
was also carried 10  a roving through a fluidised bed under other-  out.
25 wise identical conditions.                  The experiments described
above were re- peated except that a glass roving having 42 EXAMPLE 13.
ends each comprised of 408 filaments replaced A glass roving of  the type
used in Example  the roving having 21 ends. 1 was pulled through a bed of
non-fluidised    The data from the experiments are summar-  30 15
polypropylene of the type used in Example  ised in Table 5 below. TABLE 5
Pull required to Haul-off          haul roving Number of  Ends
State of             Speed            through bed in Glass Roving
Polymer Bed        cm. per min.          Newtons 21
90                 8.9 No Powder in Tray 340                 8.9 90
22.2 Non Fluidised Bed 340                31.1 90                20.0
Fluidised Bed 340                20.0 90                35.6 42         No
Powder in Tray 340                35.6 90                44.5 Non Fluidised
Bed 340                71.2 90                35.6 Fluidised Bed 340
40.0 It is seen from Table 5 that less force is re-       EXAMPLE 14.
quired to pull a roving through a fluidised    The materials and operating
procedure used  45 35  bed than a non-fluidised bed, although this  in
Example 1 were adopted except   the advantage becomes more pronounced  the
polypropylene powder was replaced by a com- higher the haul-off speed and
the larger the  mercially available grade of nylon 6: 6 that diameter the
roving being treated.        had been ground down to a weight average
Examples 14 to 16 are intended to show that  particle size of 250 microns
and the heated  50 40  the process of our invention may be used for  tube
was maintained at 275-280C along its thermoplastics other than
polypropylene. Ex-  entire length. The resulting granules contained ample
16 illustrates that rovings other than  27% by weight of glass and were
found to be 



glass rovings may be used.                very suitable for injection
moulding and ex- trusion. The dispersion of the polymer within  55 the
glass roving was found to be excellent    9
1,334,702                                      9 EXAMPLE 15.
claim 2 wherein the thermoplastic material is The materials and operating
procedure used  polypropylene, polyethylene, vinyl chloride in Example 1
were adopted except that the  polymer or copolymer, polyethylene terephtha-
polypropylene powder was replaced by a com-  late, acrylonitrile polymer or
copolymer, a  65 5  mercial grade of granular poly(vinyl chloride)
polyamide or copolyamide, a thermoplastic homopolymer having a Fikentscher
K value of  polymer of formaldehyde, a polycarbonate, or 60 and an average
particle size of 150 microns  a polysulphone. and having incorporated into
it a thio-tin    4. A process according to any one of the stabiliser. Also
the heated tube was maintained  preceding claims wherein the thermoplastic
70 10  at 180[err]  along its length. The resulting  material contains a
coupling agent to assist the granules contained 17% by weight of glass and
coupling together of the filaments of the rov- were found to be very
suitable for injection  ing and the thermoplastic material. moulding and
extrusion. The dispersion of    5. A process according to any one of the
the polymer within the glass roving was found  preceding claims wherein the
roving is a glass  75 15  to be excellent.                          roving.
6. A process according to claim 5 wherein EXAMPLE 16.                  the
glass roving is coated with a finish to im- The operating procedure used in
Example 1  prove the bond between the glass and the was adopted. However,
the glass roving was  thermoplastic.                          80 replaced
by a continuous carbon filament tow  7. A process according to either of
claims 5 20  made up of 10,000 individual filaments, each  or claim 6
wherein the glass roving is coated 7 to 8 microns in diameter. Further, the
tray  with a size which protects the fibres from did not contain
polypropylene but a commer-  abrasion. cially available grade of
polysulphone which    8. A process according to any one of claims  85 had
been ground down to a powder having a  1 to 4 wherein the roving is a
carbon filament 25  weight average particle size of 250 microns.  roving.
Also the heated tube was maintained at 350[err]  9. A process according to
any one of the along its entire length.                  preceding claims
wherein the roving is separ- The resulting granules contained 21%  by  ated
into bundles of filaments by contacting  90 weight of carbon filaments and
were found to  the roving with at least one sharp tooth 30  be very
suitable for injection moulding and ex-  comb situated within the powdered
material trusion. The dispersion of  the polysulphone  through which the
roving is drawn. within the carbon fibre tow was found to be    10. A
process according to any one of claims excellent.
1 to 8 wherein the roving is separated into  95 bundles of filaments by
contacting the roving EXAMPLE 17.                  with at least one
threaded rod or bar. 35    The materials and operating procedure used
11. A process according to any one of claims in Example 1 were used except
that the poly-  1 to 9 wherein the roving is separated into propylene
powder was first intimately blended  bundles of filaments by contacting the
roving  100 with a red-brown pigment (ferric oxide) be-  with at least one
ribbed rod or bar. fore placing in the tray. The pigment was    12. A
process according to either claims 10 40  found to be excellently dispersed
in resulting  or claim 11 wherein when more than one rod granules showing
that the process of our in-  or bar is used the roving is drawn over and
vention does not separate out to any great ex-  under successive rods or
bars to separate the  105 tent a pigment that has been incorporated into
rovings into bundles of filaments. a thermoplastic powder.
13. A process according to any one of claims 10 to 12 wherein the rods or
bars rotate about their axes. 45    WHAT WE CLAIM  IS: -
14. A process according to any one of the  110 1. A continuous process for
the production  preceding  claims  wherein  the  powdered of fibre
reinforced thermoplastic material com-  thermoplastic material is fluidised
while the prising passing a roving through a bed of  roving is passing
through it. powdered thermoplastic material and while    15. A process
according to any one of the 



50  the roving is in said bed separating the roving  preceding claims
wherein the bundles of fibres 115 into bundles each consisting of one or
more  in the roving are initially spread out by sub- filaments whereby the
roving becomes impreg-  jecting them to a gas jet before they pass into
nated with the powdered thermoplastic and  the powder bed. subsequently
heating the impregnated roving  16. A process according to any one of the
55  to above the melting point of the thermo-  preceding claims wherein the
roving is passed  120 plastic.                                  through the
bed of powdered material at a 2. A process according to claim 1 wherein
rate within the range 30 cm per minute and the thermoplastic material has a
weight-aver-  1500 cm per minute. age particle size within the range 100 to
500  17. A process according to any one of the 60  microns.
preceding claims wherein the roving is heated  125 3. A process according
to either claim 1 or  by passing it through a heated tube incorporat-    9
1,334,702                                    9 EXAMPLE 15.
claim 2 wherein the thermoplastic material is The materials and operating
procedure used  polypropylene, polyethylene, vinyl chloride in Example 1
were adopted except that. the  polymer or copolymer, polyethylene
terephtha- polypropylene powder was replaced by a com-  late, acrylonitrile
polymer or copolymer, a  65 5  mercial grade of granular poly(vinyl
chloride)  polyamide or copolyamide, a thermoplastic homopolymer having a
Fikentscher K value of  polymer of formaldehyde, a polycarbonate, or 60 and
an average particle size of 150 microns  a polysulphone. and having
incorporated into it a thio-tin    4. A process according to any one of the
stabiliser. Also the heated tube was maintained  preceding claims wherein
the thermoplastic  70 10  at 180[err]  along its length. The resulting
material contains a coupling agent to assist the granules contained 17% by
weight of glass and  coupling together of the filaments of the rov- were
found to be very suitable for injection  ing and the thermoplastic
material. moulding and extrusion. The dispersion of    5. A process
according to any one of the the polymer within the glass roving was found
preceding claims wherein the roving is a glass  75 15  to be excellent.
roving. 6. A process according to claim 5 wherein EXAMPLE 16.
the glass roving is coated with a finish to im- The operating procedure
used in Example 1  prove the bond between the glass and the was adopted.
However, the glass roving was  thermoplastic.                          80
replaced by a continuous carbon filament tow  7. A process according to
either of claims 5 20  made up of 10,000 individual filaments, each  or
claim 6 wherein the glass roving is coated 7 to 8 microns in diameter.
Further, the tray  with a size which protects the fibres from did not
contain polypropylene but a commer-  abrasion. cially available grade of
polysulphone which    8. A process according to any one of claims  85 had
been ground down to a powder having a  1 to 4 wherein the roving is a
carbon filament 25  weight average particle size of 250 microns.  roving.
Also the heated tube was maintained at 350[err]  9. A process according to
any one of the along its entire length.                  preceding claims
wherein the roving is separ- The resulting granules contained 21%  by  ated
into bundles of filaments by contacting  90 weight of carbon filaments and
were found to  the roving with at least one sharp tooth 30  be very
suitable for injection moulding and ex-  comb situated within the powdered
material trusion. The dispersion of the polysulphone  through which the
roving is drawn. within the carbon fibre tow was found to be    10. A
process according to any one of claims excellent.
1 to 8 wherein the roving is separated into  95 bundles of filaments by
contacting the roving EXAMPLE 17.                  with at least one
threaded rod or bar. 35    The materials and operating procedure used
11. A process according to any one of claims in Example 1 were used except
that the poly-  1 to 9 wherein the roving is separated into propylene
powder was first intimately blended  bundles of filaments by contacting the
roving 100 with a red-brown pigment (ferric oxide) be-  with at least one
ribbed rod or bar. fore placing in the tray. The pigment was    12. A
process according to either claims 10 40  found to be excellently dispersed
in resulting  or claim 11 wherein when more than one rod granules showing
that the process of our in-  or bar is used the roving is drawn over and
vention does not separate out to any great ex-  under successive rods or
bars to separate the 105 



tent a pigment that has been incorporated into  rovings into bundles of
filaments. a thermoplastic powder.                     13. A process
according to any one of claims 10 to 12 wherein the rods or bars rotate
about their axes. 45    WHAT WE CLAIM  IS: -                      14. A
process according to any one of the 110 1. A continuous process for the
production  preceding  claims  wherein  the  powdered of fibre reinforced
thermoplastic material com-  thermoplastic material is fluidised while the
prising passing a roving through a bed of  roving is passing through it.
powdered thermoplastic material and while    15. A process according to any
one of the 50  the roving is in said bed separating the roving  preceding
claims wherein the bundles of fibres 115 into bundles each consisting of
one or more  in the roving are initially spread out by sub- filaments
whereby the roving becomes impreg-  jecting them to a gas jet before they
pass into nated with the powdered thermoplastic and  the powder bed.
subsequently heating the impregnated roving    16. A process according to
any one of the 55  to above the melting point of the thermo-  preceding
claims wherein the roving is passed 120 plastic.
through the bed of powdered material at a 2. A process according to claim 1
wherein  rate within the range 30 cm per minute and the thermoplastic
material has a weight-aver-  1500 cm per minute. age particle size within
the range 100 to 500  17. A process according to any one of the 60
microns.                                  preceding claims wherein the
roving is heated  125 3. A process according to either claim 1 or  by
passing it through a heated tube incorporat-    10
1,334,702                                      10 ing a forming die at the
end where the roving  22. A process according to any one of claims emerges.
1 to 19 wherein after the roving impregnated 18. A process according to any
one of claims  with the powdered thermoplastic has been 1 to 16 wherein the
roving is heated by pass-  heated to above the melting point of the 5  ing
it through the cross-head of a heated  thermoplastic it is fed to a profile
die to pro-  25 extruder.                                  duce a fibre
reinforced thermoplastic section. 19. A process according to any of the
pre-    23. A process as hereinbefore described and ceding claims which
process is carried out in  as shown in Figure 1 of the drawings accom- an
atmosphere of an inert gas.             panying the provisional
specification. 10    20. A process according to any one of the    24. A
process as hereinbefore described with  30 preceding claims wherein after
the roving im-  particular reference to any one of the Ex- pregnated with
the powdered thermoplastic  amples, except Examples 5 and 10. has been
heated to above the melting point of    25. Fibre reinforced plastics
material when the thermoplastic it is chopped up into  produced by the
process according to any one 15  granules.
of the preceding claims.                   35 21. A process according to
claim 20 where- in the roving impregnated with the powdered thermoplastic
which has been heated to above            C. GRATWICK, the melting point of
the thermoplastic is cooled    Agent for the Applicants. 20  before it is
chopped up into granules. Printed for Her Majesty's Stationery Office by
the Courier Press, Leamington Spa, 1973. Published by the Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.


