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(57) Abstract: A method for additive delivery during a plastics processing is disclosed. The method includes establishing a net-
work of components in a control loop that uses a feedback method to drive at least one pump, thus enabling continuous, robust
proportioning of additive in a difficult to control environment. The feedback method includes sending at least one signal from at
least one sensor associated with a plastics melting machine to a controller, sending one or more signals from the controller to the
a least one pump, monitoring the pressure in the at least one pump and sensing the position of an injection nozzle valve, and
sending one or more signals to the injection nozzle valve instructing the valve to open or close.
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PLASTICS PROCESSING METHOD AND APPARATUS

BACKGROUND

[0001] The present exemplary embodiment relates to additives/colorants plastics processing,
for example an extrusion method and apparatus. It finds particular application in conjunction
with a method and apparatus for providing a proportional addition of additive into material
during plastics processing, for example the extrusion process, and will be described with
particular reference thereto. Applicable extrusion processes include but are not limited to sheet,
film and fiber. However, it is to be appreciated that the present exemplary embodiment is also
amenable to other plastic applications and processes. For example, it may be applied to
situations wherein additives are introduced to molten polymer which comes directly from a
reactor, for example areactor in which melt polymerization is undertaken and/or wherein thereis
no extruder into which polymer pellets would conventionaly be fed.

[0002] The plastics melting process uses one or more screws to force plastic beads into a
barrel of an extruder heated to the desired melt temperature. The plastic beads melt gradually as
they pass through the barrel. The plastics melting process is highly dependent on a consistent
feed of bulk materials into the feed throat to maintain consistent output. Consistent output is
necessary for consistent finished product properties such as size, strength and appearance. The
properties of the finished product are determined by the base materials, fillers, and additives
including colorants that are blended before and during the melt phase of the process. Additives
such as pigments, dyes, flame retardants and antimicrobial agents are often added to extrusion
and injection molding processes to modify the physical and chemical properties of materials
making the material more desirable. All plastics melting processes have various means of
control which lead to longer or shorter feedback loops to the feeding equipment to manage and
maintain correct proportional output.

[0003] Bulk materials in the forms of powders, granules, pellets, irregular chunks, and
irregular flakes are produced from various processes that are conveyed to the extruder or
injection molding machine.  These materials are typicaly blended and held in a hopper or
material line of various sizes before being conveyed to the feed throat of the machine. Typically
these materials feed into the process by gravity to the screw which, in this section of the
extruder, acts as a conveyor to sections of the process where heat and pressure are applied to

melt and mix the materials. In those cases where the material does not feed consistently by
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gravity, especially where flakes or irregular shapes are present, mechanical means such as
crammer feeders, or stuffers are used in an attempt to manage consistent feeding of materials.
[0004] Dry powder, pellet and liquid forms of additives may be added to the stream of bulk
materials before the introduction to the screw. The material feeders in this case are auger
feeders, disk or wheel feeders, belts, vibratory feeders, simple timers and pumps in the case of
liquid additives. By adding these materials to the materia stream before introduction to the
screw, an amount of material is created which may have had correct proportion upon delivery,
but is committed to the process regardless of the proportion of the material produced upon output
of the process.

[0005] Another method for introducing additives into a material is to inject liquid additive
directly into the barrel of the apparatus. However the start up protocol involved with this method
is complex and recovery from problems that arise is extremely difficult. Moreover, the amount of
scrap produced in this method is greatly increased as aresult of the foregoing issues.

[0006] The final form of the material processed by the one or more screws is aviscous liquid
melt which will be further processed by the machine to produce the final shape or form. This
final shape ranges from the manufacture of fibers, strands and extruded shapes, to injection
molded products of various forms. A large amount of material, time and energy is committed to
the process to produce this melt. A natural efficiency exists when valuable additives are added
to the process at the last possible moment while maintaining the potential to thoroughly mix,
disperse, or saturate the polymer stream with the additive in precise proportions to the materials
and in correct proportion to the output of the process.

[0007] Moreover, developing feed stocks of consistent sizes, shapes, melt index, density and
color is becoming more difficult for manufacturers as raw materials become more expensive and
feed stocks become more valuable in a world of higher and higher value of oil products. The
requirement for material property modifiers further complicates the sourcing and most frequently
adds substantial cost to the materials already in short supply. The introduction of additives and
more importantly the ability to deliver liquid additives into the process is preferred to using
higher specification materials where they are not needed. Liquid additives alow the choice of
inclusion and proportion at the process, to minimize cost. The material input into the process is
now the result of the requirements of the finished product rather than the availability of higher

specified materials, which significantly reduces cost. Liquid additive injection further allows
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very short control loops to the output of the process since liquids may be pumped at elevated
temperatures and pressures.

[0008] Inconsistent feeding of bulk materidls has also led to inconsistencies and
inefficiencies in the process, changing the size of the extruded product and its variable physical
and appearance properties. Introduction at the latest point of the process assures correct
proportion relative to process conditions (elevated pressures and temperatures) that a solid feeder
cannot. Further sophisticated pumping systems alow the amount of in process mixed materia to
be very small, leading to less material involved in color changes and more rapid reaction to
changes in the process in real time. As process outputs change, the introduction of the additive
changes proportionally nearly simultaneously, thus preventing problems with over dosing or
under dosing of additive.

|0009] The following references, the disclosures of which are incorporated herein by
reference in their entireties, variousy relate to colored plastics molding devices and systems.
U.S. Patent No. 5,486,327 teaches of an arrangement for introducing a liquid additive to the
ban-el of a screw-type mechanism for converting solid material to molten material. However,
this method introduces the additive close to the feed throat, thus leading to inconsistent input
variables with regrind and density variation associated with less expensive raw materials.

[0010] U.S. Patent No. 5,439,623 provides a method for controlling the introduction of
additives, in the form of a plurality of strands, to a cutter. The method uses the feed rate,
velocity and delta position for each strand per feed interval in order to obtain the desired amount
of additive. However, this method does not use a control logic method to proportionately inject
additive according to the output of the extruder.

[001 1] Thus, there is a need for an additive introduction method that provides consistent,
proportional additive into the plastics melting process, while reducing cost and increasing
efficiency.

[0012] Further scope of the applicability of the present invention will become apparent from
the detailed description provided below. It should be understood, however, that the detailed
description and specific examples, while indicating preferred embodiments of the invention, are
given by way of illustration only, since various changes and modifications within the spirit and

scope of the invention will become apparent to those skilled in the art.
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SUMMARY OF THE INVENTION
[0013] Embodiments are disclosed herein as illustrative examples. In one embodiment, a
method for additive delivery during plastics processing, for example during a plastics melting
process is disclosed. The method includes establishing a network of components in a control
loop that uses a feedback method to drive at least one pump. The feedback method includes
sending at least one signal from at least one sensor associated with a plastics processing device,
for example a plastics melting machine to a controller, sending one or more signals from the
controller to the at least one pump, monitoring the pressure in the at least one pump and sensing
the position of an injection nozzle valve, and sending one or more signals to the injection nozzle
valve instructing the valve to open or close.
[0014] In another embodiment, a method for maintaining proportional additive delivery into
a plastics processing device, for example into a melting machine is disclosed. The method
includes establishing a proportion based on amperage of a melting machine and the revolutions
per minute (RPM) of an associated pump, programming zones with various step-wise slopes
delineated by specific conditions within the melting machine, and programming the delivery of
an additive to the melting machine based on the corresponding zone to maintain proportional
additive delivery.
[0015] In yet another embodiment, an additive delivery system is disclosed for the accurate
introduction of an additive in plastics processing, for example for introduction into a plastic
melting process. The system includes at least one sensor associated with a plastics processing
device, for example a melting apparatus, a high pressure nozzle controller, a least one pump,
and a high pressure nozzle. The system comprises alogic based control loop that uses a feedback
logic method to drive the at least one pump and injection nozzle valve.
[0016] In a further embodiment, a high pressure injection nozzle is disclosed for downstream
additive delivery in plastics processing, for example in plastics melting processes. The nozzle
includes a land having a length between about 3 inches and 5 inches to facilitate downstream
injection in a mixed melt/solids environment, a dual sea system including an outer seal and an
inner seal, high pressure tubing, and a cooling mechanism to protect the nozzle from heat build-
up. Alternatively, the nozzle may include ashort land version for melt injection used both in the

metering section and in the post extruder screw before static or dynamic mixture.
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[0017] Further scope of the applicability of the present invention will become apparent from
the detailed description provided below. It should be understood, however, that the detailed
description and specific examples, while indicating preferred embodiments of the invention, are
given by way of illustration only, since various changes and modifications within the spirit and

scope of the invention will become apparent to those skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] The present invention exists in the construction, arrangement, and combination of the
various parts of the device, and steps of the method, whereby the objects contemplated are
attained as hereinafter more fully set forth, specifically pointed out in the claims, and illustrated
in the accompanying drawings in which:
[0019] FIGURE 1 is a schematic representation of the additive injection system's
customization model;
[0020] FIGURE 2 is a schematic representation of a method for using the additive injection
system with auser's current extruder;
[0021] FIGURE 3 isacross-sectiona diagram of ahigh pressure injection nozzle;
[0022] FIGURE 4 represents an example of inputs and outputs from the high pressure nozzle
controller; and

[0023] FIGURE 5 is a schematic representation of the control logic additive injection

system.

DETAILED DESCRIPTION

[0024] The present invention comprises an additive delivery system for the proportional
administration of aliquid additive into the plastics melting process. The method employs a short
control loop system with controllers that provide instruction and feedback signals to promulgate
and manage the system. The additive delivery system is user-specific; therefore, it may be
custom programmed to meet particular demands. While the system is herein described and
illustrated in conjunction with a plastication extruder, it should be understood that the invention
is applicable to other types of apparatus for melting and discharging materials.

[0025] Referring now to the drawings wherein the showings are for purposes of illustrating

the exemplary embodiments only and not for purposes of limiting the claimed subject matter,
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Figure 1 represents a model for assessing consumer requirements to properly customize an
additive delivery system to reach its highest and preferred functionality. In one embodiment,
once a consumer identifies aneed for aliquid additive injection system, the first step requires an
evaluation of a user's product needs 11 by performing a manufacturing process analysis. The
customer's or manufacturer's current extrusion system is evaluated and costs are estimated 13.
A liquid additive is developed 15 with consumer-desired properties and potentia injection port
locations and environments are evaluated 17. During this process different materials are used
depending on the location of injection. For example, if injection is to occur in the feed throat,
the additive is added in the presence of pellets, flakes, regrind chunks and fines, if injection isto
occur at the feed section, the additive would be injected in the presence of pellets, fines, flakes or
regrind chunks and a thin melt film; and if injection was to occur in the metering section, the
additive would be injected in the presence of melt. It is noted that if injection occurs
downstream of the mixing screw, it may be desirable to employ a cavity transfer mixer (CTM).
As is known by the skilled artisan, the CTM comprises a closely fitted rotor and stator, both of
which are covered in staggered rows of hemispherical cavities to create a continuous helical path
in which fluid elements undergo a series of cutting, folding and turning deformations. This can
improve mixing of low viscosity fluids into large volumes of higher viscosity fluids. Once the
location of the injection location is determined 19, a solution can be selected 20. The ability for
the additive to mix with the solution is tested and evaluated 21. The nozzle components, safety
systems, mixer systems, and controller systems may then be designed and built 25. Customized
programs and control mechanisms are developed 27 with the precise features determined from a
user's particular demand. Once the additive delivery system is assembled and tested 29, a
potential purchaser may sample the system using the apparatus as atrial 31, so that the customer
may evaluate the additive and the equipment in the process 33. Providing the customer
determines the trial(s) are satisfactory, the system may be installed at the customer's desired
location 35.

[0026] In the alternative, the system may be programmed with default settings if a consumer
does not require customized features, or the customer may select desired preprogrammed
features from a features menu. The featured menu comprises set of screens that present
guestions to a user to set forth what components are attached to the machine. For example, if a

consumer does not have both a dosing pump and a pre-charge pump, the pre-charge pump not
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included in the system would be de-selected. This programming step may also be done
automatically via aPLC that looks for attached components and can sense what is attached.
[0027] Figure 2 represents a preferred embodiment of the additive delivery system to be
implemented with a user's current extruder 41. The system comprises one or more pumps 45,
46, sensors and controllers 43 creating various control loops. Sensors on the extruder 4 1 provide
feedback to a high pressure nozzle controller 43, which in turn outputs signals that may activate
the system, stop the system and/or ater the output of the system up and down. Generaly, the
high pressure nozzle controller 43 determines at what point the nozzle valve 49 opens and closes,
thus maintaining proper and proportional additive delivery into the melt of an extruder.

[0028] Preferably, an exemplary embodiment of the additive delivery system includes a high
pressure injection nozzle adapted for additive delivery downstream on an extruder barrel. Figure
3 displays one embodiment of the high pressure injection nozzle that may be used for the
proportional injection of liquid additives. The high pressure injection nozzle differs from
traditional nozzles in that it is capable of injection downstream on an extruder barrel, away from
the feed throat. An injection site downstream from a feed throat is preferable, since it facilitates
holding off the addition of additives to the last possible moment during extrusion, while still
allowing adequate time for through mixing, thus ensuring the additive is delivered in precise
proportions to the output. When additives are mixed with the bulk materials before introduction
of the screw, aproportion that was once accurate upon introduction, may be inaccurate in the end
due to pressure variances changing the rate and quantity of the output. Further, downstream
injection directly into the barrel alows for addition of materials that are chemically sensitive to
the atmosphere. Preferably, the injection site is more than about 2 flights downstream of the feed
throat and even more preferably more than about 3 flights downstream from the feed throat.
Typically, additive injection occurs upstream, close to or inside the feed throat. For such
injections, typicaly non-valved injection nozzles are used. When injecting into the feed
section of the screw, the high pressure injection nozzle of the present invention preferably
includes a land length of between about 3 in. and 5 in., more preferably between about 3.5 in.
and 4.5 in; and most preferably about 4 in. The land length may be critical, particularly because
of the increased pressure when injecting downstream, directly in the melt, compared to upstream
closer to the feed throat. The high pressure nozzle according to the present invention has a

hardened nozzle tip made out of hard tool steel, such as D-2, and a hardened nozzle valve pin.
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Additionally, the nozzle preferably includes alinear position indicator that is capable of sensing
the injection nozzle valve position.

[0029] The high pressure injection nozzle is capable of high pressure intensification.
Preferably, the high pressure injection nozzle comprises an approximately 2 in. cylinder 51 and
high pressure steel tubing 57. The high pressure tubing may be between 4,000 and 7,000 psi
tubing. More preferably, however, the high pressure tubing is about 5,000 psi tubing. This
pressure intensification ability allows generation of thousands of pounds per sguare inch (psi).
Preferably, the nozzle will generate between 8,000 to 12,000 psi of pressure. In another
embodiment, the nozzle will generate 10,000 psi.

[0030] The high pressure injection nozzle further preferably comprises a sea system
including dual seals 59 and a combination of at least one O-ring 61 and quad seals to better
combat the leaking problem typical nozzles experience. The additive flows into the nozzle
through openings located on the sides of the nozzle, through the high pressure tubing 57 and out
of the nozzle. The presence of the seal system eliminates the amount of additive leakage. The
high pressure injection nozzle may further include a cooling block 53 to manage the temperature
of the nozzle 63. The nozzle will build up a great amount of heat due to the close proximity of
ban-el heater bands and must be cooled to protect the nozzle from any damage. Additionally,
with excessive heat build-up, operation of the air cylinder may become erratic and the seals may
stop operating properly. In one embodiment, a cooling block 53 may be placed around the
barrel of the nozzle. The cooling block 51 is temperature conditioned by running various
temperatures of water through the block. In another embodiment, the nozzle may be wrapped
with a chilled copper coil to keep the temperature of the nozzle down. In yet another
embodiment, heat shields are used that comprise an insulated wrap that can be bent to shape
foam or a fabric insulator. Fans may aso be implemented to blow across a nozzle to cause
further cooling.

[0031] Preferably, the injection high pressure nozzle controller is a programmable logic
controller (PLC), wherein a user may input customized values and settings. Asisknown in the
art, a PLC is a programmable computer used for automation of real-world processes, designated
for multiple input and output arrangements in real-time, to produce responses to input conditions
within abounded time. A PLC is a microprocessor-based device with either modular or integral

input/output circuitry that monitors the status of field connected "sensor” inputs and controls the
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attached output "actuators' (motor starters, solenoids, pilot lights/displays, speed drives, valves,
etc.) according to a user-created logic program stored in the microprocessor's battery-backed
RAM memory. PLC programs are generally written in a special application on a personal
computer and then downloaded over a custom cable to the PLC. The program istypically stored
in the PLC either in battery-backed-up RAM or some other non-volatile memory.

[0032] A PLC differs from a dedicated device in that it is able to be programmed to a user's
specifics and interface with a network similar to a phone or computer. PLCs alow one to drive
more numerous relays into a small package allowing more logic for better control of a system.
The high pressure nozzle controller preferably includes logic for multiple analog control loops.
Further, the high pressure nozzle controller may also comprise a human machine interface
(HM1), such as a keypad or PC-type workstation, to provide a communication link to coordinate
the various subsystems.

[0033] A feature of the PLC is the ability to adjust an analog output based upon an analog
input. In one embodiment, the high pressure nozzle controller monitors analog signals including:
pressure experienced by one pump feeding another pump; pressure downstream from a pump
and before a nozzle valve; pressure from melt at the barrel head of an extruder; and the output
from an extruder. The output from an extruder is typically monitored according to the RPM of
the screw or amperage of the screw drive motor.

[0034] Figure 4 displays an example of inputs and outputs for one embodiment of the high
pressure nozzle controller. The extruder 7 1reports amperage 72 and other process outputs 74 to
the nozzle controller 73 which in turn outputs 75 one or more of numerous possible signals. As
an example of an exemplary embodiment, the controller may signal an alarm 77, it may open or
close the nozzle valve 79, 81, and/or it may relay that the injection system is ready 83. The
nozzle controller 73 may also monitor inputs from the extruder 71 such as whether the system is
enabled 85 and if the screw isrotating 87.

[0035] Many practitioners of this art rely upon RPM of the extruder as their primary
indicator of output of the extruder. Simplified processes presume a constant output per
revolution of the extruder. This is typically most precise in systems that are not optimized for
maximum output or are 'under capacity’. As capacity limits are approached, the correlation
between RPM and output changes. Therefore, the additive delivery system of an exemplary

embodiment is primarily a pressure feedback system, wherein pressure sensors monitor the
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pressure at the output of an extruder to regulate additive input. However, pressure alone is still
generaly not a sufficient measure because it may lead to disproportionate results. Therefore it is
preferable to implement a method for maintaining a proportionality of additive input and
extruder output by including amperage measurements.

[0036] Motor amperage is generally the most direct correlated indicator of output from the
process. Theoreticaly, as systems become optimized, a mathematical model may be derived to
correlate the output of the additive delivery system to the output of the extruder. However,
overly simplified algorithms will not allow compensation for compounded variation in inputs.
The present embodiment employs three zones, consisting of the approach to the optimum zone, a
limited range below the optimum zone, and a range above the optimum zone.  Arguably,
however, an infinite number of zones could beidentified for this purpose.

[0037] To implement an amperage measurement system for maintaining a proportionality
of additive input and extruder output, the additive delivery system may include amperage
tracking devices connected to the extruder to provide current feedback from the extruder to the
high pressure nozzle controller. Preferably, the system comprises a high pressure dosing pump
and high pressure line/valve transducer, which employ a method for tracking the output of an
extruder to ensure additive delivery remains in proportion to the output. Asis known in the art, a
dosing pump is alow-volume pump with controllable discharge rates. The high pressure dosing
pump is preferably capable of withstanding pressure of approximately 3000 psi. The system can
accommodate various types of pumps including piston, gear and progressing cavity, and may
include more than one pump. The system may further include a pre-charge pump connected in
series with the high pressure dosing pump to double the system's pressure capacity. The pre-
charge pump also preferably carries pressure capacity of about 3000 psi; therefore, the pumps
together could have the capacity of enduring pressure of at least 6000 psi. It is further possible
to stack multiple, lower pressure pumps in series to increases the overall pressure capacity. For
example, three 1000 psi dosing pumps can be stacked in series with a 3000 psi pre-charge pump,
also resulting in a total capacity of 6000 psi. When a pre-charge pump is implemented, a
pressure transducer is placed downstream of the pre-charged pump to sense the pressure in the
pre-charge pump. The high pressure pump will not start until the pre-charge pump reaches its

pressure setting. The double stacked pump assembly (dosing pump and pre-charge pump) is
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important because it will maintain a consistent head pressure on the second (dosing) pump,
which is directly related to maintaining a consistent outpuit.

[0038] The high pressure nozzle controller is generaly a logic/sequence controller with the
means of receiving various analog signals, which then drive the high pressure dosing pump
and/or the pre-charge pump, if included, by either analog signals or direct drive. Figure 5
represents a preferred embodiment of the control logic additive injection system. Once the
injection nozzle controller is powered ON 91, the controller may be manually switched to OPEN
93, READY, or any other indication indicator. Upon being switched to the OPEN command 93,
the nozzle valve will automatically open 95 allowing additive to flow into the extruder barrel.
This will send an alert, such as a light, textual message, etc. to the extruder operation station 97,
indicating that the process has begun. If the controller is not switched to open, the nozzle valve
will close 99 and a signa will be sent to the operation station that the nozzle is closed and an
alert indicating the nozzle closure will result 101.

[0039] The high pressure nozzle controller may aso be set to AUTO 103, which
automatically sends a green 'READY" light to the extruder operation station 105 when the
controller isturned on. Alternatively, the controller must receive three signals prior to triggering
the green 'READY" light. The first signal designates that the system is enabled and authorizes
action to begin 107. The second signal includes two indicators, a permission indicator and a
screw indicator 109. The permission indicator reveals whether the extruder is operational and the
proper material is present in the system and the screw indicator acknowledges whether the screw
is turning. Both the permission indicator and screw indicator are necessary to trigger the second
signal. The third signal is amperage signal 111 that indicates the current or flow rate of the
material exiting the extruder. The high pressure nozzle controller fails to receive any of the three
necessary signals, the nozzle controller will not activate the green 'READY" light, will wait until
such signal isreceived 108.

[0040] Upon receipt of each of the three signas, the high pressure nozzle controller sends the
green light to the extruder operation station, which initiates activation of either the pre-charge
pump 113 or the high pressure dosing pump 115, depending on the system configuration and
pressure. The high pressure nozzle controller will receive signals from a pressure sensor
upstream and downstream of the nozzle, which will in turn instruct the either high pressure or

pre-charged pump to begin pumping the additive through to a high pressure injection nozzle. The
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high pressure dosing pump is slaved to the output of the extruder and driven to match the output
and maintain the pressure of the extruder.

[0041] In one preferred embodiment, the system includes both apre-charge pump and a high
pressure dosing pump attached in series. Additional systems may further monitor the presence or
absence of adequate liquid product in the supply system. Such systems will signal an dert if the
reservoir is low and the pre-charge pump will not initiate. Upon receiving the three mandatory
signals 107, 109, 111 and a signal that there is adequate liquid product in the supply system, the
high pressure nozzle controller will initiate the pre-charge pump and monitor its changing
pressure 113. If the pre-charge pump fails to reach a predetermined pressure, the pre-charge
pressure transducer 117 will provide an input signal (analog or digital) to the high pressure
injection nozzle controller . The high pressure injection nozzle controller will, in accord with the
programmed algorithm, increase or decrease pre-charge pump speeds to maintain the desired
pre-charge pressure in the inlet to the dosing pump (123). Upon reaching the designated pressure
while maintaining an adequate liquid product level, the high pressure nozzle controller will
signal to the high pressure dosing pump to begin and the controller will monitor the pump
pressure 115. Upon reaching a designated nozzle pressure, the nozzle will open releasing
additive into the extruder 119. If such pressure is not achieved, the high pressure line/valve
transducer 121 will speed up the high pressure dosing pump 125 until such pressure is attained.
[0042] The high pressure nozzle controller will insure that the pressure of the additive is
higher than the pressure of the melt before it will instruct the valve to open. The high pressure
nozzle controller maintains the pressure relationship by controlling the revolutions per minute
(RPM) of the pumps while monitoring the amperage of the extruder. To establish this
relationship, the system should be calibrated as part of the set-up conditions to tell the controller
what the output per revolution per minute is supposed to be. Then the amperage input is
correlated with the output to establish the system settings. Such calibration is typically done
through manual calibration; however, it may also be performed automatically.

10043] The high pressure injection nozzle controller monitors the extruder pressure and
assures that the pressure in the nozzle valve is greater than the pressure of the melt in the
extruder . This process occurs in three distinct steps. First the extruder sends the permission
signal to the controller signaling that the extruder is operational. The controller then operates the

pump to build pressure in the system. Once the pressure reaches and exceeds the threshold, the

12



WO 2012/004661 PCT/IB2011/001599

melt pressure valve will open. The pressure will then be maintained by the RPM of the high
pressure pump. As the extruder slows down, amps will decline which will reduce the output
(RPM) from the high pressure dosing pump until they stabilize at the set values. Each extruder
is different; therefore, safe minimum operating pressures will need to be determined for each
application.

[0044] As process input materials vary due to both normal and abnormal causes such as
variation in density or shape, the output of the extruder may change. Proportioning the output of
the extruder to the liquid output delivered to the process led to the development of programmable
zones with various slopes for more precise proportioning of the additive to the polymer. These
zones are delineated by specific conditions within the extruder and are a combination of the
inputs for liquid and melt pressure, RPM and amperage in the extruder drive motor.  For
example, as the extruder RPM remains stable, and melt pressure and amps slope downward, a
specific decrease in pumping rate of the additive may be programmed proportional to the change
to ensure correct proportion and prevent cascading of out of proportion conditions.

[0045] As shown in Fig. 5, if the nozzle pressure reaches a designated clear-warning level
131, the high pressure injection nozzle controller will induce a clearing stroke to relieve aclog
in the nozzle 133. The high pressure injection nozzle controller will initiate as many clearing
strokes as is necessary to clear any impediment. If the nozzle pressure reached a designated
spike pressure 135, the high pressure injection nozzle controller will stop the pre-charge and/or
dosing pumps 137, activate ared alarm light indicating a closed nozzle 139, and close the nozzle
valve 141.

[0046] Once the high pressure injection nozzle controller receives a signal indicating the
pressure has reached a suitable level, such as 120 psi, it signas the high pressure injection
nozzle to open and latch, alowing additive to flow into the barrel of an extruder. The pressure of
the system may experience pressure fluctuations up and down; however, the high pressure
injection nozzle will not re-latch and close unless the pressure rises and fals a set number of
times, wherein an associated alarm will be triggered.  However, arapid change in pressure
indicates that there may be a problem in the system, such as a frozen or clogged nozzle, etc. As
such, arapid change in pressure can trigger closing of the high pressure injection nozzle. It isan
aspect of the present invention that when such aproblem occurs, the extruder is not stopped and

shut down. Shutting off the system entirely would waste significant time and expense. Instead,
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the necessary cleaning or other work may be accomplished while the system is still in use, to
ensure the proper proportions remain intact.

|0047] The additive injection system preferably includes an alarm system with multiple alert
conditions to indicate to a user when certain situations occur. Preferably, aert conditions include,
but are not limited to, a nozzle dert to indicate that the valve of the high pressure injection
nozzle has either not closed entirely or that the nozzle is clogged; a pressure aarm sensing the
pressure in the system; a power aert; and a material aert indicating that there is ample material
present in the system. The alarm system preferably includes visual, eectrical and audio alarms.
Visua aarms may include various light colors, each indicating a different condition. For
example, a green light may indicate the system is powered and ready to begin. A red light may
indicate that the system is down. Flashing lights may indicate aclog in the nozzle and an amber
light may indicate that there is ample material in the system. The lights may be stacked and
mounted to the base of a controller or operator station, or in a place designated by a user.
Another form of adert is an audio alert. The audio alert may include various sounds to indicate
different system conditions. Further, an alert may be electrical, causing the system to close until
a condition is assessed. This is particularly important during a nozzle clog or a drastic pressure
change.

[0048] Although the specific embodiments focus on plastics processing which uses an
extruder, the method and apparatus described may be applied where an extruder is not used to
melt polymer, but additive is introduced into molten plastics which comes directly from a
polymerization reactor, for example in which melt polymerization is undertaken. Additives may
be introduced downstream of the reactor using the method and apparatus described mutatis
mutandis.

[0049] The exemplary embodiment has been described with reference to the preferred
embodiments. Obviously, modifications and alterations will occur to others upon reading and
understanding the preceding detailed description. It isintended that the exemplary embodiment
be construed as including al such modifications and alterations insofar as they come within the

scope of the appended claims or the equivalents thereof.
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CLAIMS:

1. A method for additive delivery during plastics processing wherein said method
comprises:
establishing a network of components in a control loop, wherein said control
loop uses a feedback method to drive at least one pump, said feedback method
comprising:
sending at least one signal from at least one sensor associated with a
plastics processing device to a controller;
sending one or more signals from said controller to said at least one
pump;
monitoring the pressure in the at least one pump and sensing the position
of an injection nozzle valve; and
sending one or more signals to said injection nozzle valve instructing

said valve to open or close.

2. A method according to claim 1, wherein said plastics processing comprises aplastics

melting process.

3. A method according to claim 1or claim 2, wherein said additive is delivered
downstream of apolymerization reactor in which the plastics material isproduced into
molten plastics material which has left the reactor and which remains molten after leaving the

rector at least until delivery of additive thereinto.

4. The method according to any preceding claim, wherein said controller is ahigh

pressure nozzle controller.
5. The method according to claim 4, wherein said nozzle controller signals said injection

nozzle valve to open once the system pressure reaches a user-designated level and said valve

isin proper position.
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6. The method according to claim 4 or claim 5, wherein said injection nozzle controller
regulates the flow rate of the additive through the nozzle valve to match that of the output of

an associated extruder.

7. The method according to any preceding claim, wherein said injection nozzle valve is

a high pressure injection nozzle valve.

8. The method according to any preceding claim, wherein said at least one or more

pumps include a high pressure dosing pump.

9. The method according to claim 8, wherein said at least one or more pumps include a

pre-charge pump controller connected in series to said high pressure dosing pump.

10. The method according to claim 9, wherein said pre-charge pump is used in addition to

said high pressure pump when pressure is greater than 3000 psi.

11.  The method according to claim 10, wherein said pre-charge pump and high pressure

pump collectively comprise about 6000 psi capability.

12. The method according to any preceding claim, wherein said input signals include one
or more of at least one enablement signal to authorize action, at least one power indication
signal, at least one signal indicating an extruder screw isturning; at least one signal
indicating at least one of clearing and anti-clog strokes; and at |east one amperage signal

indicating flow rate.

13. An additive delivery system for the accurate introduction of an additive in plastics
processing, for example for introduction into a plastic melting process comprising:

at least one sensor associated with aplastics processing device, for example amelting
apparatus,

a high pressure nozzle controller;

at least one pump; and
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ahigh pressure nozzle, wherein said system comprises alogic based control loop that
is adapted to use a feedback logic method to drive the at least one pump and an injection

nozzle valve.

14, A high pressure injection nozzle for downstream additive delivery in plastics
processing, comprising:

aland having alength between about 3 inches and 5 inches to facilitate downstream
injection;

aduel seal system including an outer seal and an inner seal;

high pressure tubing; and

a cooling mechanism to protect the nozzle from heat build-up.

15.  The high pressure injection nozzle of claim 14, wherein said seal system further

includes a combination gland packing and lip seal system.

16. The high pressure injection nozzle of claim 14 or claim 15, wherein said high

pressure tubing is steel tubing.

17. The high pressure injection nozzle of claim 16, wherein said high pressure steel

tubing can withstand between about 4,000 and 7,000 psi.

18. The high pressure injection nozzle of any of claims 14 to 17, wherein said cooling

mechanism includes atemperature conditioned cooling block.

19. The high pressure injection nozzle of any of clams 14 to 18, wherein said cooling
mechanism includes at least one of a copper coil wrapped around the nozzle, aheat shield,

and afan.

20. The high pressure injection nozzle of any of claims 14 to 19, wherein said additive

injection occurs greater than 2 flights downstream from a feed throat.
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21.  Thehigh pressure injection nozzle of any of claims 14 to 20, wherein said land length

is about 4 inches in length.

22. A process for providing proportional additive delivery into aplastics processing
device, for example a melting machine comprising:
establishing aproportion based on amperage of aplastics processing device, for
example a melting machine and the revolutions per minute (RPM) of an associated pump;
programming zones with various step-wise slopes delineated by specific
conditions within said plastics processing device, for example melting machine; and
programming the delivery of an additive to said plastics processing device, for

example melting machine based on said zone to maintain proportional additive delivery.
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