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An extrusion system includes a main extruder (1) and a secondary injection extruder
(2). Both extruders are connected via a three-way valve (3). The main extruder (1) has a
mixing section (5) downstream of the junction point (4) with the secondary injection extruder

(2). An accelerated switch between molding masses with different colors can be made by

switching the three way valve.
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Field of th
The invention relates to an extrusion system and a process for minimizing color change

times in the extrusion of thermoplastics.

Description of th lated A

The usual procedure in the manufacture of colored extrudates is to supply the extruder
with a mixture of a non-pigmented base molding mass and a master batch which contains the
pigment in high concentration. Mixing can take place both off-line in batches in a separate
mixer, or in-line by parallel metering of the two components into the extruder hopper.

In case of a color change, generally no further master batch is metered in until the color
has been washed out of the system. If necessary, a cylinder cleaning agent such as a molding
mass with high viscosity can also be passed through for cleaning. Afterwards, a master batch
with a different color is used. The color change has been completed once the new extrudate

uniformly exhibits the new color. The extrudate produced during the color change generally

cannot be solid.



CA 02220264 1997-11-05

S RY OF THE INVENTION

It 1s an object of the present invention to provide an apparatus and a process which
make it possible to shorten the color change times in the extrusion of colored plastics.

The above and other objects are achieved according to the invention by an extrusion
system including a main extruder and a secondary injection extruder, wherein both extruders
are connected via a three-way valve. The main extruder has a mixing section downstream of
the junction point with the secondary injection extruder.

The extrusion system according to the invention produces faster color changes than
conventional systems in which only one extruder is used. While the entire volume of the
extruder must be cleaned of the colored plastic melt in a conventional system, this is necessary
only starting from the mixing section of the main extruder in the extrusion system according to
the 1invention, since the non-colored melt and the colored melt do not come together until this
point. This means that a comparatively smaller volume must be cleaned and, of course, this
can be done in a shorter time. In addition, the secondary injection extruder must be cleaned.

The secondary injection extruder has a relatively small volume in comparison with the
main extruder, so that the melt which is colored in a concentrated manner can be effectively
discharged 1n a short period of time. Cleaning of the main extruder and the secondary
Injection extruder takes place at the same time, which again shortens the overall cleaning time.

The three-way valve allows coupling or uncoupling of the main extruder and the

secondary 1njection extruder. In one position of the three-way valve, both the valve and the

flow path between 1t and the junction point can be cleaned.
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Fig. 1 shows the éxtrusion system according to the invention in a top view:

Fig. 2 shows the three-way vajve in Its positions (I), (II) and ();

Fig. 3 is a partial lengthwise cross-section through the main extruder with an in;line
color measuring device in the flow channel: and
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The secondary injection extruder (2) has an extruder barrel fed with molding mass
granulate by a hopper (6'), and a rotatable screw shaft which feeds the material fed from the
hopper (6') toward the junction point (4) via a three-way valve (3) located in the flow path
therebetween. The secondary injection extruder (2) has a smaller volume than the main
extruder (1), preferably a volume smaller by a factor of 3 - 10.

The three-way valve (3) has a valve housing with a melt exit (14), and a rotatable valve
body. Fig. 2 shows the valve body of the three-way valve in its positions (I), (II) and (III).
The arrows stand for the flow direction of the melt. In position (I), the three-way valve (3)
creates a connection for the flow path between the main extruder (1) and the secondary
injection extruder (2). In position (II), the secondary injection extruder (2) is blocked and the
melt can exit from the main extruder (1) through the melt exit (14) of the three-way valve (3).
In position (III), the main extruder (1) is blocked and the melt can exit from the secondary
injection extruder (2) through the melt exit (14) of the three-way valve (3).

In the main extruder (1), the non-colored base molding mass B is fed via the hopper (6)
and melted (melt B). The master batch molding mass M, which contains concentrated
pigment, 1s introduced into the secondary injection extruder (2) via the hopper (6'), melted
(melt M) and metered 1nto the main extruder (1) through the three-way valve (3) which is in
position (I). Both melts are mixed in the mixing section (5), which is located downstream of
the junction point (4). As a rule, a molding die, e.g., a broad slit die, is arranged at the outlet

of the flow channel (7) of the main extruder (1), and the colored melt exits from it, e.g., in

the form of a plastic web for sheets or films.

A process for an accelerated switch between molding masses with different colors in the
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extrusion system according to the invention may be performed in such a way that after
extrusion of a first colored molding mass F1, produced from a basic molding mass B which is
passed through the main extruder (1) and is not colored, and a master batch molding mass M1
containing concentrated pigment which is added via the secondary injection extruder (2) when
the three-way valve (3) is in position (I), the non-colored base molding mass B is passed
through the main extruder (1) and the secondary injection extruder (2), one after the other,
with the three-way valve (3) in positions (II) and (IIT) , respectively, causing the master batch
molding mass M1 to be cleaned from the flow path between the main extruder and the three-
way valve (3), from the secondary injection extruder (2), and from the three-way valve (3).
Subsequently, extrusion of a molding mass F2 with a different color, produced from a basic
molding mass B which is passed through the main extruder (1) and is not colored, and another
master batch molding mass M2 containing concentrated pigment which is added via the
secondary injection extruder (2) when the three-way valve (3) is in position (I), can be started.

The master batch molding masses M1 and M2 are generally of different colors. They
are mixed into the non-colored basic molding mass B to achieve the desired coloring of the
molding masses F1 and F2, respectively, which are then extruded.

When a color change is made, the procedure can be as follows. The secondary
Injection extruder (2) is stopped. The three-way valve (3) is brought into position (II). The
colorless melt B from the main extruder (1) flows through the junction point (4) to the three-
way valve (3) and through the three-way valve (3) itself until no coloring of the melt exiting
from the melt exit (14) is seen. The melt exiting from the three-way valve (3) can be collected
In a container, for example. The main extruder (1) simultaneously also cleans itself in that the
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colorless melt B removes the residues of the colored molding mass from the mixing section (5)
through the flow channel (7) and any extrusion die that might be present.

The three-way valve is now brought into position (III) and the colored melt M is
cleaned from the secondary injection extruder (2). This preferably occurs by feeding base
molding mass B into hopper (6') until the melt exiting from the melt exit (14) of the three-way
valve (3) no longer exhibits any coloring. Then a new, differently colored, master molding
batch M" is passed through the secondary injection extruder (2) when the melt B discharged
through the melt exit (14) shows no evidence of the first color.

The three-way valve (3) is now brought back into position (I) and extrusion of the
differently colored plastic produced from base molding mass B and a new master batch
molding mass M' can be started.

In another embodiment (see Fig. 3 and 4), the main extruder (1) is provided with

opposed glass inserts (9) defining the flow channel (7) downstream of the screw tip (8) to
permit in-line color measurement. The glass inserts may be provided in a contact pressure
frame (12) and sealed by sealing elements (13). A light source (10) is affixed on one side, and
a sensor (11) to register the color, i.e., the intensity of the coloring, is affixed on the other
side. A suitable conventional measurement device, e.g., a spectral photometer or three-range

measurement device, may be used as the sensor (11).

On the basis of the actual values obtained during the in-line color measurement, the

amount of melt M added from the secondary injection extruder (2), for example, can be
regulated so as to reduce or eliminate any deviation from pre-determined reference values,
preferably by regulating the screw speed in the secondary injection extruder (2), so that the
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coloring can be kept constant within narrow limits.

In order to reduce the thickness of the melt layer to be measured, if necessary, the flow

channel (7) can also be narrowed at the measurement site, where the main part of the melt
flows through pipe-like channels. Fig. 4 is a cross-section through an embodiment in which
two main flow channels feed a narrowed flow channel having an in-line color measuring
device. The thickness of the measurement segment between the glass inserts (9) is symbolized
by the double arrow in Fig. 4. This makes it possible or easier to measure very intense colors
and provides several advantages, including a short measurement segment, low pressure loss

and good self-cleaning.

When measuring the color of the melt, it must be taken into consideration that the

pigments usually used for coloring plastics can have a temperature-dependent color. However,
corresponding correction factors can be determined by taking color measurements at different
temperatures.

In-line color measurement and control of the amount of melt M added also make it
possible to reuse material which was partly and non-uniformly colored and collected when the
extruders were flushed out. This can be done by first grinding the material and then adding it
to the non-colored base molding mass in the hopper (6) of the main extruder (1) in gradually

Increasing amounts. The amount added is limited such that the color is kept within the pre-

determined tolerances.

Obviously, numerous modifications and variations of the present invention are possible

In light of the above teachings. It is therefore to be understood that the invention may be

practiced otherwise than as specifically described herein.
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CLAIMS:

1. An extrusion system comprising:

a main extruder through which a melt material can flow to a mixing section;

a secondary injection extruder connected to the main extruder at a junction point
upstream of the mixing section to form a melt material flow path between the main extruder
and the secondary injection extruder; and

a three-way valve in the flow path, said three way valve being positionable in at least a

first position opening the flow path between said main extruder and the secondary Injection

extruder, and at least one other position blocking the flow path between said main extruder and
the secondary injection extruder.

2. The extrusion system according to Claim 1, wherein the at least one other position
includes a second position in which melt material from the main extruder is discharged through
an exit via the three-way valve and a third position in which melt material from the secondary

Injection extruder is discharged through an exit via the three-way valve.

3. The extrusion system according to Claim 1, wherein the secondary injection
extruder has a volume smaller by 3 - 10 times than the main extruder.

4. The extrusion system according to Claim 1 including an in-line color measurement
device.

J. The extrusion system according to Claim 4, wherein the in-line color measurement
device 1s positioned at a narrowed point of a flow channel downstream of the mixing section.

6. The extrusion system according to Claim 2, wherein the secondary injection

extruder has a volume smaller by 3 - 10 times than the main extruder.
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7. The extrusion system according to Claim 2 including an in-line color measurement

device.

8. The extrusion system according to Claim 7, wherein the in-line color measurement
device is positioned at a narrowed point of a flow channel downstream of the mixing section.

9. A process for keeping constant the coloring of a mixed melt produced 1n an
extrusion system including a main extruder through which a melt material can flow to a mixing
section, a secondary injection extruder connected to the main extruder at a junction point
upstream of the mixing section to form a melt material flow path between the main extruder
and the secondary injection extruder, a three-way valve in the flow path, said three way valve
being positionable in at least a first position opening the flow path between said main extruder

and the secondary injection extruder, and at least one other position blocking the flow path

between said main extruder and the secondary injection extruder and an in-line color

measurement device, comprising the steps of:
producing a non-colored melit B in the main extruder:;

producing a colored melt M containing concentrated pigments in the secondary

Injection extruder;
mixing the melts B and M to produce a mixed melt:

determining an actual value of the color of the mixed melt using the in-line color

measurement device; and

altering at least one parameter of at least one of said steps of producing the melt B and

producing the melt M in response to the determined actual value so as to cause the actual value

of the color of the mixed melt to approach a reference value of the color of the mixed melt.

9.
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10. The process according to claim 9 wherein said step of altering at least one
parameter of at least one of said steps of producing the melt B and producing the melt M

comprises altering the flow rate of the melt M so as to substantially eliminate any deviation of

the actual value of the color of the mixed melt from the reference value.

11. A process for performing an accelerated switch between molding masses with
ditferent colors in an extrusion system including a main extruder through which a melt material
can flow to a mixing section, a secondary injection extruder connected to the main extruder at
a junction point upstream of the mixing section to form a melt material flow path between the

main extruder and the secondary injection extruder and a three-way valve in the flow path, said

three way valve being positionable in a first position opening the flow path between said main
extruder and the secondary injection extruder, a second position blocking the flow path

between said main extruder and the secondary injection extruder and permitting the meit
material to be discharged from the main extruder through an exit via the three-way valve, and
a third position blocking the flow path between said main extruder and the secondary injection

extruder and permitting the melt material to be discharged from the secondary injection

extruder through an exit via the three-way valve, comprising the steps of:

producing a first colored molding mass F1 by mixing a non-colored base molding mass

extruder and the three-way valve, from the secondary injection extruder, and from the three-
way valve by moving the three-way valve to at least one of the second and third positions and
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passing the non-colored base molding mass B through at least one of the main extruder and the
secondary injection extruder; and
moving the three-way valve to the first position and producing a second colored

molding mass F2 by mixing the non-colored base molding mass B in the main extruder and

another master batch molding mass M2 containing concentrated pigments in the secondary

Injection extruder.

12. The process according to Claim 11 wherein said cleaning step comprises
sequentially moving the three-way valve to the second position and passing the non-colored
base molding mass B through both the main extruder and the secondary injection extruder, and

moving the three-way valve to the third position and passing the non-colored base molding

mass B through both the main extruder and the secondary Injection extruder.
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