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SHEET WITH COMPLEX FLOWING PATTERN

) We, DAICEL LIMITED, a Japan-
ese Company of No. 1 Teppo-cho, Sakai-
shi, Osaka, Japan, do hereby declare the
invention for which we pray that a Patent

5 may be granted to us and the method by
which it is to be performed to be particularly
described in and by the following state-
ment:—

This invention relates to a method of and

10 a};‘)paratus for dproducing a thermoplastics
sheet having a decorative pattern therein.

Heretofore, various techniques have been
proposed for producing flat or three dimen-
sional patterns in plastics sheets. They are

15 %enerally grouped into two categories:~

. Introducing differently coloured,
pattern-forming polymer streams gsimply
referred to as <differently coloured
streams” hereinafter) from separate extrud-

20 ers under continuous or pulsating pressure
into a matrix polymer stream (simply refer-
red to as “matrix stream’ hereinafter) as the
matrix stream from a main extruder passes
through an extrusion die. In this procedure,

25 various attractive patterns, either in two- or
three-dimensional configuration, can be
obtained by selecting the points of introduc-
tion of the differently coloured streams into
the matrix stream, the types of colouring

30 agents or pigments, and the number and
quantity of the differently coloured stream
gulses being introduced.

. Mixing coloured polymers having differ-
ent melt indexes in the matrix stream before

35 the matrix stream enters the die, so that the
coloured polymers become molten one after
another because of the difference in melt
index in the matrix polymer, thus forming
differently codloured patterns in the

40 gplymer mixture as it passes through the

ie.

Combinations of these two procedures
have also been proposed and disclosed, for
example, in Japanese Laid Open Specifica-

45 tion No. 51-189954. Typical examples of
the above procedures are those disclosed in
U.S. Patent No. 2 803 041, Japanese Patent
Publication Nos. 39-24132, 52-12221, and
Japanese Laid Open Specification Nos.

50 48-49849 and 49-93480.

In the prior techniques disclosed in U.S.
Patent No. 2 803 041, Japanese Patent Pub-
lication Nos. 39-2413£ 52-12221, and
Japanese Laid Open Specification No.
48-49849, the patterns produced in the mat- 55
rix are of a single or multi-layer structure
which are generally linear and extend paral-
lel to the surface of the sheet. By contrast,
the pattern produced by the method dis-
closed in Japanese Laid n Specification 60
No. 49-93480 consists of two differently
coloured intersecting bands having spaced
arcuate configurations when the sheet is
viewed in transverse cross section. Thus this
technique provides a three-dimensional, 65
complicated design compared with the plain
laminar pattern produced by the previously
mentioned techniques.

The present invention provides an
improved method for producing thermo- 70
plastics sheets having patterns of more com-
plicated, three dimensional, flowing appear-
ance which cannot be produced by any of
the above previous techniques and which is
particularly adapted for optical frames. 75

In one aspect, the invention resides in a
method of producing an extruded thermo-
plastics sheet having a decorative pattern
encapsulated in a matrix, including the steps
of dividing a matrix stream into two branch 80
streams flowing in opposite directions
around a hollow die member disposed in a
material flow passage of an extrusion die,
the branch streams recombining together at
the side of the die member remote from the 85
branching point, intermittently, producing
each of two or more individual streams of
differently coloured polymers in said hollow
die member, delivering said differently col-
oured polymer streams through openings in 90
said hollow die member so that they enter
the recombined matrix stream in the direc-
tion of extrusion and collecting together the
differently coloured polymer streams as or
before they encounter the recombined mat- 95
rix stream.

In a further aspect, the invention resides
in a method of producing a thermoplastics
sheet having a decorative pattern encapsu-
lated in a matrix, including the steps of 100
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dividing a matrix thermoplastics polymer
stream into two branch streams flowing in
opﬁosite circumferential directions around a
hollow die member disposed in a material
5 flow passage of an extrusion die, introducing
two or more differently coloured polymer
streams each from a respective perforated
cylindrical tube rotating in individual cham-
bers of the said hollow die member into a
10 further die member, said coloured polymer
streams being delivered through openings in
said hollow die member and collected
together in said further die member when
the perforations of said rotating tubes are
15 brought into alignment with said openings in
said hollow die member, and introducing
the collected differently coloured polymer
streams from said further die member into
said matrix stream at or near a point where
20 said branch matrix streams are re-combined
together.
referably, the surface of the further die
member facing the junction of said branch
stream includes projections and/or indenta-
25 tions which cause disturbance of the branch
streams as or before they are re-combined
together.
According to yet a further aspect, the pre-
sent invention resides in apparatus for pro-
30 ducing an extruded thermoplastics sheet
having a decorative pattern encapsulated in
a matrix, comprising a main extruder for
supplying a matrix polymer stream, auxili-
ary extruders for extruding individual dif-
35 ferently coloured polymer streams, an
extrusion die having a matrix flow passage
communicating with said main extruder, a
hollow die member located in said flow pas-
sage to divide said flow passage into two
40 branching passages extending around said
hollow die member, said hollow die member
including an elongate slot opening to the
junction of said branching matrix passages,
and two or more individual cylindrical
45 chambers rotatably receiving perforated
tubes communicating with said auxiliary
extruders, power means for rotating said
perforated tubes in said chambers, said hol-
low die member including openings connect-
50 ing said chamber with said slot in said hol-
low die member and communicating inter-
mittently with the perforations of said per-
forated rotating tubes during said rotation
of the tubes, and a further die member dis-
55 posed in the slot in said hollow die member,
said further die member including a cavity
for collecting together said coloured
polymer streams delivered through said
openings, and said cavity communicating
60 with said matrix flow passage so that said
differently coloured polymer streams col-
lected in said cavity are conducted into said
matrix stream.
Referring to the drawings;
65 Fig. 1 1s a plan view of extrusion

apparatus in accordance with one example
of the present invention,

Fig. 2 is a longitudinal cross sectional view
taken along the path of the matrix {)olymer
stream through the die body of Fig. 1,

Fig. 3 is a plan view showing a hollow die
member of Fig. 1,

Fig. 4 illustrates a cross section taken
along line A-A of Fig. 3,

Figs. 5,7, 9, 11 and 13 are plan views of 75
various forms of further die members,

Figs. 6, 8, 10, 12 and 14 are sectional
views of the above mentioned further die
members,

Fig. 15 is a plan view showing a rotating 80
tube of the apparatus shown in Figure 1,

Fig. 16 illustrates a pattern produced by
using the further die member of Figs. 5 and

70

Fig. 17 illustrates another pattern pro- 85
duced by using the further die member of
Fig. 9 and 10.

%’ig. 18 illustrates a modified pattern pro-
duced with the further die member of Fig.

11 and 12 and, 90

Fig. 19 illustrates a modified pattern pro-
duced with the further die member of Fig.

13 and 14. '
Referring to Figures 1 to 4 and Figure 15
the apparatus of said one example com- 95
prises a main extruder (1), auxiliary extrud-
ers (2), (3), a die body (7), a connecting
tube (4) between the main extruder (1) and
the die body (7), connecting tubes SS), 6
between the auxiliagy extruders (2), (3
respectively and the die body (7), a hollow
die member (9) disposed in an ellipsoidal
chamber of the die body, (7), cylindrical
tubes (13), (16) formed with perforations
(15), (18) respectively and rotatably fitted 105

in cylindrical chambers (14), (17) respec-
tively of the hollow die member (9), a
further die member (21) fitted in a com-
plimen elongate slot (27) of the hollow

die member (9), and power means (10), 110
11) for imparting rotation to the tubes

1 §I , (16) in their respective chambers (14),

1

100

A stream (8) of a matrix polymer from
the main extruder and streams of differently 115
coloured pattern-forming polymers from the
separate auxilia? extruders are conducted
to the die body (7) through the conduits (4),
5), ggz respectively in a well-known man-
ner. The matrix stream (8) introduced into 120
the ellipsoidal chamber of the die body (7} is
divided into two branch streams (81), (82) by
the hollow die member (9) which has an
outer surface spacedly conforming to the
ellipsoidal chamber walls of the die body, as
shown in Fig. 4. The branch streams (8:),
(82) are combined again at or near the outlet
end of the chamber.

The differently coloured polymer streams
conveyed from the auxiliary extruders (2), 130

125
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83) through the conduits (5), éé) are intro-
uced into the tubes (13), (16) rotating in
the hollow die member 59) and driven by
the power means (10), (13). The slot (27)
5 formed in the hollow die member is of a
trapezoidal cross section facing the junction
of the branch streams (8:, (82), and com-
municates with the cylindrical chambers
(14), (17) of the mandrel through spaced
10 openings (19), (20). The further die
member (21) is detachably fitted in the slot
(27). The differently coloured streams are
intermittently delivered from the rotating
tubes into the slot (27) when the perfora-
15 tions (15), (18) are brought into alignment
with the openings 519), (20) by the rotation
of the tubes (13), (16).
The further die member (21) further
includes one or more outlet ports (22) hav-
20 ing a circular, ellipsoidal, rectangular or
other cross sectional configuration opening
into the matrix flow passage, and a part-
cylindrical cavity (26) facing the openings
(19), (20) for receiving the discontinuous
25 streams of coloured polymers. The coloured
polymer streams gatgered in the cavity (26)
are then delivered into the matrix stream at
or near the junction point of the branch
streams (81), 382), to form a complex flowing
30 pattern in the matrix stream. The further die
member (21) may be provided in the surface
facing the recombined matrix stream (Sg
with grooves (indicated at 35 in Figures
and 7§ror rojecting lands (indicated at 43 in
35 Figures 13 and 14) whereby a more complex
flowing pattern of different colours is
obtained.
Figures 5 to 14 illustrate various modified
forms of further die member for use in the
40 agl)paratus of the above example in place of
the member (21). Thus in Figures 5 and 6,
there is shown a further die member (29)
which is formed with a plurality of longitud-
inally s;aced circular cross-section outlet
45 ports (31 communicatinﬁ with respective
cavities (30) which face the openings (19),
(20). Each cavity (30) is of generally quad-
rantal cross section with the centre of the
circle lying on the longitudinal axis of the
50 die member (29) and with adjacent cavities
(30) extending towards opposite longitudi-
nal edges respectively of the die member. In
Figures 7 and 8, there is shown a further die
member (33) which is formed with a plural-
55 ity of spaced, parallel grooves (35) pre-
sented to the recombined matrix stream (8)
and extending diagonally across the member
(33). At its o;gosite ends, each of the cen-
tral grooves (35) communicates with respec-
60 tive outlet ports (34), while one end of each
end groove (35) communicates with a single
outlet port (34). A different further die
member 36 is shown in Figures 9 and 10 and
includes a single outlet port 37 in the form
65 of an elongate slot extending through the

die member. At the surface of the die
member (36) facing the openings (19), (20),
the port (37) communicates with a plurality

of spaced, part spherical cavities arranged
alternatively on opposite sides respectively 70
of the port (37).

The further die members (21), (29), (33)
and (36) are all of trapezoidal cross section
and are accommodated within the com-
plementary slot (27) of the hollow die 75
member (9). However, in Figures 11 and 12
an alternative die member (38) is shown
which is provided with a rectangular section
projection (38a) which extends into the
recombined matrix stream (8). The die 80
member (38) is also formed with a pluralit
of longitudinally spaced outlet ports (40
which extend through the projection 38(a
and the remainder of the member (38) to
communicate with an elongate cavity (39) 85
facing the openings (19), (20). A similar
arrangement is shown in Figures 13 and 14
in which a further die member (41) is pro-
vided with a flurality of spaced, triangular
grojections (43) extending into the recom- 90

ined matrix stream (8). Each projection

(43) is arranged so that its apex is aligned
with the base of the adjacent grojection and
formed in each projection (43) is an outlet
port 42 which extends through the body of 95
the member (41) to communicate with a
part-Cf'lindrica cavity 42(a) facing the open-
in%_f( 9), 520).

igure 16 illustrates a pattern which is
obtained by using the further die member 100
shown in Fig. 5 and which includes oval or
ellipsoidal spots (51), (52) of different col-
ours which are spaced along alternate
lengthwise-extending paths at different
depths in the thickness of the matrix sheet, 105
and flowing materials (510), (520) connect-
ing adjacent spots in each path.

ig. 17 illustrates a modified pattern pro-
duced by using the further die member of
Fig. 9, in which the different coloured spots 110
(61), (62) are partially overla ged and are
connected by flowing bands (610), (620).

Fig. 18 shows a more complex pattern
obtained by using the further die member
shown in Fig. 11 and which includes irregu- 115
iar‘liy arranged tear-drop spots (71), §72),
and narrow flowing bands (73), (74) of the
different colours and combinations thereof
disposed between the adjacent tear-drop
spots. 120

Fig. 19 illustrates a further modified
design produced by usin3g the further die
member shown in Fig. 13 and which com-
prises - non-uniform irregularly connected
swirl patterns including spaced wide por- 125
tions (81), (82) and narrow bands (83) con-
necting the adjacent wide portions, both in
complicated, combined colours.

e patterns of Figs. 16 to 19 are all
three-dimensionally disposed across the 130
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thickness of the matrix sheet.

Further variations in pattern can be
obtained by increasing or decreasing the
number of auxiliary extruders, changing the

5 rotational speed of the rotating tubes, and
by varying the shape and arrangement of the
perforations in the rotating tubes as well as
of the openings of the hollow die member to
‘the die (7) chamber, of the outlet port of the

10 further die member, and of the surface of
the further die member facing the recom-
bined matrix stream.

WHAT WE CLAIMIS:-

1. A method of producing an extruded

15 thermoplastics sheet having a decorative
pattern encapsulated in a matrix, including
the steps of dividing a matrix stream into
two branch streams flowing in opposite
directions around a hollow die member dis-

20 posed in a material flow passage of an extru-
sion die, the branch streams recombining
together at the side of the die member
remote from the branching point, intermit-
tently producing each of two or more indi-

25 vidual streams of differently coloured
polymers in said hollow die member, deliv-
ering said differently coloured polymer
streams through openings in said hollow die
member so that they enter the recombined

30 matrix stream in the direction of extrusion
and collecting together the differently col-
oured polymer streams as or before they
encounter the recombined matrix stream.

2. A method of producing a thermoplas-

35 tic sheet having a decorative pattern encap-
sulated in a matrix, including the steps of
dividing a matrix thermoplastics polymer
stream into two branch streams flowing in
opposite circumferential directions around a

40 hollow die member disposed in a material
flow passage of an extrusion die, introducing
two or more differently coloured polymer
streams each from a respective perforated
cylindrical tube rotating in individual cham-

45 bers of the said hollow die member into a
further die member, said coloured polymer
streams being delivered through openings in
said hollow die member and collected
together in said further die member when

50 the perforations of said rotating tubes are
brought into alignment with said openings in
said hollow die member, and introducing
the collected differently coloured polymer
streams from said further die member into

55 said matrix stream at or near a point where
said branch matrix streams are recombined
together.

3. A method as claimed in claim 2
wherein the surface of the further die

60 member facing the junction of said branch

streams includes projections and/or indenta-
tions which cause disturbance of the branch
streams as or before they are recombined
together.

4. Apparatus for producing an extruded 65
thermoplastics sheet having a decorative
pattern encapsulated in a matrix, comprising
a main extruder for supplying a matrix
polymer stream, auxiliary extruders for
extruding individual differently coloured 70
polymer streams, an extrusion c?i'e having a
matrix flow passage communicating with
said main extruder, a hollow die member
located in said flow passage to divide said
flow passage into two branching passages 75
extending around said hollow die member,
said hollow die member including an elon-
%ate slot opening to the junction of said

ranching matrix passages, and two or more
individual cylindrical chambers rotatably 80
receiving perforated tubes communicating
with said auxiliary extruders, power means
for rotating said perforated tubes in said
chambers, said hollow die member including
openings connecting said chamber with said 85
slot in said hollow die member and com-
municating intermittently with the perfora-
tions of said perforated rotating tuges dur-
ing said rotation of the tubes, and a further
die member disposed in the slot in said hol- 90
low die member, said further die member
including a cavity for collecting together
said coloured polymer streams delivered
through said openings, and said cavity
communicating with said matrix flow pas- 95
sage so that said differently coloured
polymer streams collected in said cavity are
conducted into said matrix stream.

5. Apparatus as claimed in claim 4 for
Eroducing an extruded thermoplastics sheet

aving a decorative pattern encapsulated in
a matrix, comprising a combination and
arrangement of parts substantially as
hereinbefore described with reference to,
and as shown in, Figures 1 to 15 of the
accompanying drawings. ‘

6. A method as claimed in Claim 1 or
Claim 2, of producing an extruded thermop-
lastics sheet having a decorative pattern
encapsulated in a matrix substantially as
hereinbefore described.

7. An extruded thermoplastics sheet
having a decorative pattern encapsulated in
a matrix produced by a method as claimed
in any one of Claims 1, 2 and 6.

MARKS & CLERK,
Alpha Tower,
ATV Centre,
Birmingham, B1 1TT.
Agents for the Applicant.
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