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MIXING AND DISPENSING SYSTEM FOR RAPIDLY POLYMERIZING
- MATIERIALS
Background

The field of the invention relates generally to encapsulauon of relatively fragile
devices such as electronic components and, more particularly, to a system, process, anda
product made by the generic process of rapid injection molding. The system has no slurry
valves, a novel mix head with improved slurry handling, a high intensity mixer, and novel
chemical handling and dispensing mechanisms. o

The system described herein is designed to meter, mix, and mltlate chemical and
chemical slurry streams for reaction injection molding of small parts. While encapsulation
of electronics circuits and discrete components is the primary intended use of this
technology, it could also be used in other applications. Other applications include the
making of small parts to replace transfer compression moldings made of othé_r filled or
fiber reinforced thermosetting materials such as epoxy, phenolics and alkyds.

~ Conventional electronic component encapsulation methods use epoxy transfer
molding that require relatively slow mold cycle times of 60 to 120 seconds followed by
relatively long oven curing times of 2 to 4 hours. These long time intervals are dictated by
the rate of polymerization of the premixed materials, the rate of which is set to a low value
o provide a reasonsble shelf life and to allow for mixing time by the compounder and
handling time by the end user. The need for the long oven curing times is to ensure |

- complete polymerization. Damage to fragile electronic interconnections sometimes results
- from conventional encapsulation methods when the material viscosity becomes excessive

due to improper storage conditions. It is also necessary to remove residual corrosive
materials from the epoxy, which greatly increases the cost of its manufacture. Moisture

. absorption is another potential problem with epoxy materials used in conventional
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electronic component encapsulation methods. These methods also require a relatively high
mold temperature that can lead to thermal stresses in the encapsulating package.

- For the foregoing reasons, there is a need, therefore for an encapsulating system
that provides a short mold cycle time with no required oven curing, prowdes mixing of
reactive materials just prior o injecting the materials into a mold, provides chemical
material handling capability that requires no special storage, handling, or mixing by trained
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pexsonnel, ehmmates damage to fragile electronic interconnections caused by excessive

material viscosity, eliminates the need for: nemovmg corrosive byproducts in the chemical
components, reduces moisture absorphon in the encapsulated product, and reduces thermal
stresses in the encapsulated product.

Summary
The current invention addresses these problems with a novel Reaction Injection

Molding (RIM) system for handlmg and dispensing improved materials to a mold. The
RIM process that is the subject of the present disclosure uses highly reactive liquid
components which are metered from special separate storage containers and mixed just

' prior to entering a mold cavity where they rapidly polymerize to form a solid material.
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This invention is designed particularly for small parts and small shot sizes. Whereas
typical mold cycle times for conventional epoxy transfer molding technology are between

60 and 120 seconds, the present invention is capable of achieving complete polymerization
in less than 10 seconds. 'TncteéSing the polymerization rate by a factor of ten relative to
conventional technology subsfénﬁauy reduces the tooling cost per part molded.
'Conventional transfer molding techniques use chemical reactants that are premixed
at the factory and supplied to the customer in a “frozen” molecular state to retard
premature reaction. While this approach to chemical handling guarantees reactant
composition, it has several drawbacks. First, the premixed reactants must bekept
refrigerated to prevent reaction that could render the material unfit for use. The rate of

' polymerization of the premixed epoxy must be set deliberately low to permit reasonable

shelf life, mixing time by the compounder, and handling time by the end user. This
compromise is largely responsible for the slow mold cycle times and extensive post mold

times in curing ovens of between two and four hours. In contrast, in the present invention

the RIM reactants are stored separately at ambient temperatures as low viscosity liquids.
These RIM reactants can be stored indefinitely, provided the storage containers are

‘properly sealed to prevent contamination by moisture and atmospheric gases. In contrast to

conventional transfer molding of epoxy materials, the polymerization rate of RIM reactants
can be adjusted, independently of other factors, to ensure complete polymerization within
the molding cyvcle, thus eliminating the need for post-molding curing ovens from the
encapsulating process. The molding cycle can be made deliberately short, typically less
than 10 seconds, The chemical material coxpponentsused in the present invention are
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cross-linked polymeric materials formed ﬁom the polymenzatlon in the mold of

anionically initiated, vinyl aromatic chemicals. .

Bending and breakage of 0.4 mil gold wires that provxde electrical conneetxon from
a microchip to input and output pins maleadﬁ'amemknown aswxresweep, and is caused
by hydraulic drag on the wires by the flowing eneapsulatmg matenal during the
encapsulating process. Wire sweep can occur when the melt v1seos1ty is too hlgh, typxcally
greater than 200 poise. With conventional transfer molding technology, wire sweep can |
occur when the chemical material components have been 1mproperly stored, a condition |
that permits some polymerization along with a commensurate increase in molecular weight
and viscosity. The RIM chemical components have a viscosity of less than 20 poise at
room temperature and no polymerization can occur until the reactants a1_'e mixed at the inlet
of the mold. As a result, components that are encapsulated using the RIM process herein
described are characterized by having virtually no wire sweep, in contrast to conventional
epoxy molding techniques.

Some components encapsulated by thls process are mposslble to encapsulate using
conventional transfer molding techniques because of the increased temperature and |
pressures involved with conventional transfer molding techmques An exemple of such an
encapsulated device that is distinguishable from devices encapsulated using other |
techniques is a liquid crystal display (LCD) component. Because of its temperature
sensitivity and fragile nature, it is not possible to eneapsulate a LCD component usmg
conventional techniques, whereas the present technique enables en_capsulatlon without .
deterioration due to excessive temperature or breakage due to high.pressu_res._ o

‘Conventional transfer molding uses epoxy materials that are manufaetured from
epichlorohydrin and other chemicals. Residual epichiorohydrin must be carefully removed
from the epoxy material, at considerable cost, to prevent possible corrosion of microchips

* by the hydrolysis of this chemical. None of the chemical components used in the present

inventive concept are produced from chlorine containing compounds, thereby eliminating a
potential corrosion problem. The present RIM formulations contain tert-butyl styrene and
divinyl benzene, neither of which is produced from chlorine containing compounds.

A comparison of the mechanical properties of RIM eneapsulat_ed oompone_nts with

epoxy encapsulated components indicate comparable values. Moisture absorption of the

RIM materials is lower than that of most epoxy compounds, and mojsture does not soften
or plasticize the RIM material, unlike epoxy. Conventional epoxies are also well known as
good adhesives for metals and ceramics. Consequently, conventional transfer mold_ing
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compounds usually contain release additives to prevent adhesion to metal molds.
Unfortunately, this additive may aiso prevent adequate and necessary adhesion to the lead -
frame. The RIM materials do not naturally adhere to metals or ceramics, however adhesion
can be obtarnedthatnvals epoxybytreatmgthedeslredsmfaeeswrthanadhesron
promoter prior to encapsulatlon. Room temperature RIM reactants are typically
polymerized at mold temperatures near 90°C and pressures less than 300 psi. By contrast,
epoxy matenals may requu‘e mold’ temperatures near 130°C and pressures of 1000 psi. A
lower mold temperature results in reduced thermal stresses in the encapsulating package.
Both conventxonal epoxy encapsulants and RIM formulations incorporate about 80% silica
filler to 1mprove mechanical propertnes The RIM reactants are also srgmﬁcantly less costly
than electronics grade epoxies. The present RIM system is based on tert-butyl styrene
monomer and dxvmyl benzene (DVB) cross-linker, butyl llthrum, for initiating
polymenzatxon, and 80% by weight silica fillers.

The invention disclosed herein provides a novel RIM system for handling and
dlspensmg nnproved materials to a unique mix head. This mixhead has the capability of
rmxmg silica paste with a tnonomer to form a monomer slarry, mixing a small quantity of
initiator to start the polymerization process, and delivering the 1ow viscosity material to a
moid cavity. Because of problems associated with conventional control valves to control
the flow of a silica/monomer past, the system has been designed eliminate control valves
for handling the paste. Beeause premixed silica/monomer slurry feed stock will always
settle dunng storage and shipping, the present system reconstitutes a silica paste witha B
monomer to form a silica/monomer shurry in the mix head just prior to mixing an initiator
material wrth the slurry and dehvery of the initiated slurry to a mold. The mixhead

| mcorporates a small inline high-speed rotary mixer that typically rotates at 5000 RPM. The.
‘mixer is magnetlcally driven to eliminate high speed rotating seals, and has several

features to initiate the slurry, melndmg chemical feed and light feed port. The design of the

'syst also enables relatively low feed line pressures because mechanical energy for

mrxmg is provrded by an external motor rather than by feed line pressure for creating .
turbulent mixing. The chemical handling is facilitated by special tubular containers filled
by the materials manufacturer that sre mounted on the dispensing equipment, and require
no speclal storage, handling, or m:xmg by trained personnel. The empty containers can be
recycled to the materials manufacturer for refilling and proper dlsposal A programmable
controller such as a personal computer provides control for the process. In the operation of
the dispensing equipment, "pinch rollers,” driven by computer controlled stepping motors,
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invention provides a system that is capable of mold cycle times of 6 to 12 seconds in order
to achieve complete polymerization, thus eliminating the need for an oven curing cycle of
2 to 4 hours. misis-achievedbecausethemateﬁalsarenotpremixed;butarec_ombinedin
the novel mix head just prior to filling a mold cavity. o “

A system having features of the present invention compnses a means for delivering
a monomer slurry to a polymerizing mixing means, means for delivering a polymerizing
initiator to the polymerizing mixing means, means for forming a mpidly polymérizing
shurry by combining the monomer slurry and the polymerizing initiator in the pdlymerizing
mixing means, and means for delivering the tapidly polymerizing slurry to a mold. The
means for delivering the monomer shurry may comprise a means for deliirering a silica
paste to a monomer slurry mixing means, means for delivering a monomer to the monomer
slurry mixing means, means for forming the monomer slurry by combining the monomer
and the silica paste in the monomer slurry mixing meané, and means for delivering the
monomer slurry to the polymerizing mixing means. The _.systém may further comprise
means for delivering a polymerizing quencher to the polymeriiing mixing means, means
for forming a quenched polymerizing sturry by combining the pélymerizing quencher and
the rapidly polymerizing slurry in the polymerizing mixing means, and means for
delivering the quenched polymerizing slurry to a waste tank. In addition, the system may
forther comprise means for controlling the monomer slurry delivering means, the
polymerizing initiator delivering means, the rapidly polymerizing slurry formmg means,
and the rapidly polymerizing shury delivering means. The system may also comprise
means for controlling the silica paste delivering means, the monomer delivering means, the
monomer shury forming means, the polymerizing initiator delivering means, the rapidly
polymerizing slurry forming means, the rapidly polymerizing slurry delivering means, the
polymerizing quencher delivering means, the quenched polymeﬁzing slurry forming
means, and the quenched polymerizing shurry delivering means. '

- In an alternate embodiment of the invention, the means for delivering the monomer
shury comprises a collapsible tubing containing the monomer shurry having a free end and

‘an outlet end, a feed spool containing the collapsible tubing such that the outlet end is

connected to a rotary unjon at an axis of the feed spool, a pinch roll assembly f_of
collapsing the collapsible tubing from the feed spool when the pinch roll assembly is
rotationally activated, causing the monomer shurry to be squeezed out of the collapsible

tubing at the outlet end through the rotary union to the polymerizing mixing means, and 2
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take-up spool for contammg the collapsed oollapsible tubing such that the free end is
connected at an axis of the take—up spool. The means for delivering the monomer slurry
may comprise a pressure feed tank connected to a rotationally activated metering pump. A
stepper motor ndrmally drives the pump and the pressure feed tank may be a bladder, a
container with a ngld diaphragm, ora container pmsunzed with nitrogen or argon. The
means for dehvermg the polymenzmg initiator comprises a collapslble tubing containing
the polymerizing initiator having a free end and an outlet: end, a feed spool containing the
collapsible tubing such that the outlet end is connected to & rotary union at an axis of the-
feed spool, a pinch roll assembly for collapsing the collapsible tubing from the feed spool
when the pinch roll assembly is rotationally activated, causing the polymerizing initiator to
be squeezed out of the collapsible tubmg at the outlet end through the rotary union to the.
polymerizing mixing means, and a take-up spool for containing the collapsed collapsible
tubing such that the free end is connected at an axis of the take-up spool. The means for
delivering the polymerizing initiator may comprise a pressure feed tank connectedtoa
rotationally activaied meteﬁng pump. The pump is normally driven by a stepper motor and -
the pressure feed tank may be a bladder, a container with a rigid diaphragm, o a container
préssurized with nitrogen or argon. The means for delivering the rapidly polymerizing
slurry to the mold may comprise a valve. The means for delivering the silica paste -
comprises a collapsible tﬁbing containing the silica paste having a free end and an outlet -
end, a feed spool containing the collapsible tubing such that the outlet end is connected fo 2
rotary union at an axis of the feed spool, a pinch roll assembly for collapsing the .
collapsible tubing from the feed spool when the pinch roll assembly is rotationaily -
activated, causing the silica paste to be squeezed out of the collapsible tubing at the outlet
end through the rotary union to the monomer shurry mixing means, and a take-up spool for
containing the collapsed collapsible tubing such that the free end is connected at an axis of
the take-up spool. The means for delivering the silica paste may comprise a pressure feed
tank connected to a rotationally activated metering pump. The pump is normally driven by
a stepper motor, and the pressure feed tank may be a bladder, a container with a rigid

‘diaphragm, or a container pressurized with nitrogen or argon. The means for delivering

the monomer comprises a collapsible tubing contammg the monomer having a free end and
an outlet end, a feed spool containing the collapsible tubing such that the outlet end is
connected to a rotary union at an axis of the feed spool, a pinch roll assembly for
collapsing the collapsible tubing from the feed spool when the pinch roll assembly is -

rotationally activated, causing the monomer to be squeezed out of the collapsible tubing at
4
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the outlet end through the rotary union to the7monomer slurry mixing means, and a take-up
spool for containing the collapsed collapsible tubing such that the free end is connected at
an axis of the take-up spool. The means for delivering the monomer may comprise a

* pressure feed tank connected to a rotationally activated metering pump. The pump is

normally driven by a stepper motor, and the pressure feed tank may be abladder, a
container with a rigid diaphragm, or a container pressurized with nitrogen or argon. The
means for delivering the polymerizing quencher comprises a collapsible tubing containing
the polymerizing quencher having a free end and an outlet end, a feed spool containing the
collapsible tubing such that the outlet end is connected to a rotary union at an axis of the_
feed spool, a pinch roll assembly for collapsing the collapsible tubing from the feed spool
when the pinch roll assembly is rotationally activated, causing the polymerizing quencher
to be squeezed out of the collapsible tubing at the outlet end through' the rotary union to the
polymerizing mixing means, and a take-up spool for containing the collapsed collapsible
tubing such that the free end is connected at an axis of the take-up spool. The means for
delivering the polymerizing quencher may comprise a pressure feed tank connected to a

- rotationally activated metering pump. The pump is normally driven by a stepper motor,
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and the pressure feed tank may be a bladder, a container with a rigid diaphragm, or a
container pressurized with nitrogen or argon. The means for delivering the quenched
polymerizing slurry to the waste tank may comprise a valve. The means for delivering the
quenched polymerizing shurry to the waste tank or the rapidly polymerizing slurry to a
mold may comprise a three-way valve. _ |

In another embodiment of the invention, the means for forming rapidly o
polymerizing slurry in the polymerizing mixing means comprises a mix head. The means
for forming the monomer shurry in the monomer mixing means and the means for
delivering the monomer shury to the polymerizing mixing means comprise a mix head.
The means for forming quenched polymerizing slurry in the polymerizing mixing means
comprises a mix head. Furthermore, the means for forming a monomer slurry in the
monomer mixing means comprises a mix head, the means for delivering the monomer
slutry to the polymerizing mixing means comprises the mix head, the means for forming a
rapidly polymerizing slurry in the polymerizing mixing means comprises the mix head,
and the means for forming a quenched polymerizing slurry in the polymerizing mixing
means comprises the mix head. The mix head may comprise an electric n_lo'torhhaving_ a
drive shaft connected to an input end of a coupling, a mixing spindle connected to an
output end of the coupling and positioned within a sealed mixing cavity within a mixing
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body by a spindle bearing, the mixing body hsaving a cylindrical-‘-_shapeﬂ inner wall, an
upper annular spacing in the mixing cavity between an upper section of the mixing spindle
and an upper section of the mixing body, forming a monomer slurry mixing annulus, a
lower annular spacing in the mixing cavity between a lower section of the mixing spindle
and 2 lower section of the mixing body, forming a polymenzmg slurry mixing annulus, a .
monomer feed port connected to the monomer delivering means and positioned in the
memg body wall at the monomer slurry mixing annulus for injecting a monomer into the
monomer slurry mixing anmilus, a silica paste feed port connected to the silica paste
delivering means and positioned in the mixing body wall at the monomer shurry mixing
annulus for injecting a silica paste into the monomer slurry mixing annulus, a polymerizing
initiator feed port connected to the polymerizing initiator delivering means and positioned
in the mixing body wall at the polymerizing slury mixing annulus for injecting a
polyh1erizing initiator into the polymerizing slurry mixing annulus, a polymerizing -
quenchef feed port connected to the polymerizing quencher delivering means and
positioned in the mixing body wall at the polymerizing slurry mixing annulus for injecting
a polymerizing quencher into the polymerizing slurry mixing annulus, and an output port

‘positioned in the bottom of the mixing body opposite the coupling below the polymerizing

slurry mixing annulus for ejecting a polymerizing slurry from the mixing cavity. The mix
head may further comprise a pressure sensor positioned in the mixing body wall for
determining when the mold is filled with the rapidly polymerizing slurry. The mix head
may further comprise a light port positioned in the mixing body wall below the
polymerizing slurry mixing annulus for use of a light sensing probe for determining the
polymenzmg shurry characteristics. -

In an alternate embodiment, the mix head further compnses a light port posmoned
in the mixing body wall below the polymerizing slurry mixing annulus for use of a
radiation source in initiating polymerization of 2 photo-curable monomer slurry, the
polymerizing initiator feed port is deleted from the mixing body wall, and the _
polymerizing initiator delivering means is eliminated. The electric motor maybea hlgh,
variable speed electric motor. The coupling may be a sealed magnetic coupling. The
mixing spindle bearing may be sealed. The system may forther comprise a means for
heating the polymerizing slurry. The monomer feed port and the silica paste feed port may |
be replaeed by a single monomer siurry feed port connected to the monomer slurry

' delivering means and positioned in the mixing body wall above the polymerizing slurry

mixing annulus for injecting a premixed slurry of monomer and silica paste into the mixing
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cavity. The system may further comprise athree—way valve having an input connected to
the output port of the mixing cavity, a first output connected to the mold, an_dasecond
output connected to the waste tank. The system may further comprise means for
controlling a temperature of the rapidly polymerizing slurry in the polymerizing mixing
means. The systemmayﬁmhercompnsemeansforcontrolhng atemperamre of the
monomer slurry interposed between the means for delivering the monomer slurry and the
polymerizing mixing means, and means for controlling a temperature of the polymerizing
initiator interposed between the means for delivering the polfmerizing initiator and the
polymerizing mixing means, The system may further comprise means for controlling a
temperature of the silica paste interposed between the means for delivering the silica paste
and the monomer slurry mxxmg means, and means for controllmg a temperature of the
monomer interposed between the means for delivering the monomer and the monomer
slurry mixing means. The system may further comprise means for eontrollmg a
temperature of the monomer slurry at the means for delivering the monomer slurry, and
means for controlling a temperature of the polymerizing initiator at the means for '
delivering the polymerizing initiator. The system may further comprise means for
controlling a temperature of the silica paste at the means for dehvenng the silica paste, and
means for controlling a temperature of the monomer at the means for dehvenng the
monomer.

- In another embodlment, a mixing and dispensing system for rapidly polymenzmg
materials comprises a mix head having a variable speed electric motor coupled to a mixing
spindle positioned within a sealed mixing cavity within a mixing body having a |
cylindrical-shaped inner wall, the electric motor being positioned at a first end of the
mixing body, a monomer feed port connected to a monomer delivering subsystem and
positioned in the mixing body wall, a silica paste feed porf connected to a silica pés_te
delivering subsystem and positioned in the mixing body wall, a polymerizing initiator feed
port connected to a polymerizing initiator delivering subsystem and positioned in the
mixing body wall, a polymerizing quencher feed port connected toa polymerizing
quencher delivering subsystem and positioned in the mixing body wall, a pressure sensor
positioned in the mixing body wall for determining mix head pressure, an outlet port
positioned at a second end of the mixing body opposite the electric inqtor, and being
connected to an input of a three-way valve, a first output of the three_-way valve bemg
connected to an inlet of an injection tunnel, and a second output of the three-way valve
being connected to a waste tank, a means fos positioning a mold in relation to the mix
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head, a means for posmomng the m]ector tlmnel so that an injector tunnel outletisin -
contact with an inlet of the mold, a means for ejecting a molded part from the mold, and a
programmable controller connected to the monomer dehvenng subsystem, the silica paste
delivering subsystem, the polymenzmg initiator dehvenng subsystem, the polymerizing
quencher dehvenng subsystem, the variable speed electnc motor, the pressure sensor, the:
three-way valve, the mold posmonmg means, the mjector tunnel posmomng means, and
the molded part ejecting means.

In the present mventlon, a rmxmg and dxspensmg process for rapldly polymenzmg
matenals compnses the steps of dehvermg a monomer shurry to a polymerizing mixing
means, delivering a polymenzmg initiator to the polymenzmg mixing means, forming a

rapidly polymenzmg slurry by combining the monomer slurry and the polymerizing

initiator in the polymerizing mixing means, and delivering the rapidly polymerizing sturry
to a mold. The step of delivering a monomer shurry may cempn'se the steps of delivering
the silica paste to a monomer slurry mixing means, delivering the monomer to the.
monomer slurfy mlxmg means, forming the monomer slurry by combining the monomer
andlthe'.silica paste in the monomer shurry mixing means, and delivering the monomer
slurry to the polymerizing mixing means. The process may further comprise the steps of
delivering a polymerizing quencher to the polymerizing mixing means, forminga
quenehed_ polymerizing slurry by combining the polymerizing quencher and the rapidly
polymerizing shury in the polymerizing mixing means, and delivering the quenched

 polymerizing slurry to a waste tank. The process may further comprise the step of

controlling a temperature of the rapidly polymerizing slurry in the polymerizing mixing
means. The process may further comprise the steps of controlling a temperature of the
monomer slurry during the step of delivering the monomer shury to the polymerizing
mlxmg means, and controlling a temperature of the polymerizing initiator during the step
of delivering the polymerizing initiator to the polymerizing mixing means. The process
may further compnse the steps of controlling a temperature of the silica paste during the
step of delivering the silica paste to the monomer slurry mixing means, and controlling a
temperature of the monomer during the step of delivering the monomer to the monomer
slurry"mixing means. The pi:ocess may further comprise the steps of controllinga
temperature of the monomer shurry prior to delivering the monomer slurry, and controlling
a temperature of the polymerizing initiator prior to delivering the polymerizing initiator.
The process may further comprise the steps of controlling a temperature of the silica paste
prior to delivering the silica paste, and controlling a temperature of the monomer prior to -
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delivering the monomer. The process may further comprise the step of controlling the
monomer slurry deiivering step, the polymerizing initiator delivering step, the rapidly
polymerizing slurry forming step, and the rapidly polymerizing sturry delivering step by a
programmable controller. The process may also comprise the step of do_ntm_lling the silica
paste delivering step, the monomer delivering step, the monomer slurry forming step, the
polymerizing initiator delivering step, the rapidly polymerizing slurry forming step, the
rapidly polymerizing shurry delivering step, the polymerizing quencher delivering step, the
quenched polymerizing slurry forming step, and the quenched polymerizing shury
delivering step by a programmable controller. | |

“In the mixing and dispensing process for rapidly polymerizing materials, the
programmable controller may comprise a computer program comprising the steps of
checking for system faults, executing a pour cycle, repositioning the mold, ejectmg a
molded part, and repeating the previous four steps. The step of checking for System faults
may comprise the steps of determining if the delivering subsystems are ready,' setting a
purge/quench alarm and initiating a purge/quench cycle if the delivering subsystems are
not ready, determining if a mix head pressure is zero, sending back up commands to the
delivering subsystems if the mix head pressure is not zero, setting the purge/quench alarm
and initiating the purge/quench cycle if more than three contiguous back up commands are
sent to the dehvermg subsystems because of a non-zero mix head pressure, determining if -
an elapsed time since a last pour is less than a predetermined pour time limit T1 and setting
the purge/quench alarm and initiating the purge/quench cycle if the elapsed time since the
last pour is not less than the predetermined pour time limit T1, determining if a polymer is
forming in a mix head, setting a polymerizing alarm and enabling an operator to override
the polymerizing alarm and restart the step of checking for system faults By repeatmg the
previous steps if the polymer is not forming in the mix head, setting the purge/quench
alarm and initiating the purge/quench cycle if an operator does not override the
polymerizing alarm, determining if the mold is positioned correctly, and restarting the step
of checking for system faults by repeating the previous steps if the mold is not positioned

~ correctly. The step of executing the pour cycle may comprise the steps of sending an

30

advance tunnel command to an injection tunnel positioning means for positioning an
injection tunnel outlet in contact with an inlet of the mold, determining if an injection
tunnel contacts the mold, repeating the previous two steps if the injection tunnel does not
contact the mold, setting an injection tunnel advance alarm if the injection tunnel does not
contact the mold after three contiguous advance tunnel commands, determining if an
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elapsed time since a last pour is less than a predetermined pour time limit T1 and setting a
purge/quench alarm and mmatmg a purge/quench cycle if an operator does not correct the
ihjection tunnel alarm within the predetermined pour time limit T1, beginning pouring by
starting the delivering subsystems and resetting a pour timer, determining if a mix head
pressure mlessﬂlanapredetelmmedpressurehmlt, determining if delivered chemical
volumes are less than predetermmed volume limits, repeatmg the previous three steps if
the mix head pressure is less than the predetermined pressure limit and the delivered
chemical volumes are less than the predetermined volumne limits, stopping the pouring by
stopping the delivering subsystems and sending back up commands to the delivering
subsystems if either the mix head pressure is not less than the predetermined pressure limit
or the delivered chemical volumes are not less than the predetermined volume limits,
determining if delivered chemical ratios are correct, setting a ratios alarm if the delivered
chemical ratios are not correct, setting the purge/quench alarm and initiating the
purge/quench cycle if the operator does not reset the ratios alarm after a predetermined
ratios alarm time limit, determining if the delivered chemical volumes are within - .
predetermined volume ranges, setting a volume alarm if the delivered chemical volumes .

~ are not within the predetermined volume ranges, sending‘é retract tunnel command to the

20

'mjectlon tunnel positioning means, determining if the mjectlon tunnel contacts the mold,
| repeatmg the previous two steps if the injection tunnel continues to contact the mold,
' setting an injéction tunriel retract alarm if the injection tunnel does not retract from the

mold after three conti"gdous retract tunnel commands, and determining if the elapsed time

since the last pour is less than the predetermined pour time limit T1 and setting the

purge/qhench alarm and initiating the purge/quench cycle if the operator does not correct

"~ the injection tunnel retract alarm within the predetermined pour time limit T1. The step of

30

repositioning the mold may comprise the steps of sending a reposition mold command to a
mold positioning means, determining if the mold is repositioned, repeating the previous
two steps if the mold is not repositioned, setting a mold repositioning alarm if the mold

* does not reposition after three contiguous reposition mold commands, and determining if

an elapsed time since a last pour is less than a predetermined pour time limit T1 and setting
a purge/quench alarm and initiating a purge/quench cycle if an operator does not correct
the mold repositioning alarm within the predetermined pour time limit T1. The step of
ejecting the molded part may comprise the steps of sending an eject molded part command
to amolded pﬁrt e¢jecting means, detenmmng if a molded part is ejected, repeating the
previous two steps if the molded part is not ejected, setting an eject part alarm if the
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molded part does not eject after three- contlguous eject molded part commands, and
determining if an elapsed time since a last pour is less_than_apredetermmedpon;nme limit
T1 and setting a purge/quench alarm and initiating a purge/quench cycle if an operator

does not correct the eject part alarm within the predetermined pour time limit T1.

In the present invention, a further embodiment is an encapsulated device,
comprising a device positioned thhm amold and enclosed within an encapsulating
material, the encapsulating material prepared by aprocess comprising the stepsof
delivering a monomer slurry to a polymerizing mixing means, delivering a polymerizing
initiator to the polymerizing mixing means, forming a rapidly polymerizing slurry by
combining the monomer shurry and the polymerizing initiator in the polymerizing mixing
means, and delivering the rapidly polymerizing slurry to a mold. A further embodiment
may be encapsulated device, comprising a device positioned within a mold and enclosed
within an encapsulating material, the encapsulating material prepared by a process
described above, wherein the step of delivering a monomer slurry comprises the steps of
delivering the silica paste to a monomer slurry mixing means, delivering the monomer to
the monomer slurry mixing means, forming the monomer shurry by combining the |
monomer and the silica paste in the monomer slurry mixing means, and delivering the
monomer shurry to the polymerizing mixing means. In another embodiment, an
encapsulated device, comprising a device positioned within a mold and enclosed within an
encapsulating material, the encapsulating material prepared by a process described above,
may further comprise the steps of delivering a polymerizing quencher to the polymerizing
mixing means, forming a quenched polymerizing slury by combining the polymerizing
quencher and the rapidly polymerizing slurry in the polymerizing mixing means, and
delivering the quenched polymerizing slurry to a waste tank. Another embodiment may be
an encapsulated device, comprising a device positioned within a mold and enclosed within
an encapsulating material, the encapsulating material prepared by a process described
above, further comprising the step of controlling the monomer slurry delivering step, the
polymerizing initiator delivering step, the rapidly polymerizing slurry forming step, and
the rapidly polymeﬁzing slurry delivering step by a computer program residing in a
programmable controlier. Another embodiment may be an encapsulated device,
comprising a device positioned within a mold and enclosed within an encapsulating
material, the encapsulating material prepared by a process described above, further
comprising the steps of controlling the silica paste delivering step, the monomer delivering
step, the monomer slurry forming step, the polymerizing initiator delivering step, the
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rapidly polymenzmg slurry forming step, the rap:dly polymenzmg slun'y delivering step,

the polymerizing quencher delivering step, the quenched polymerizing shurry forming step,
and the quenched polymerizing shurry delivering step by a computer program residing in a

programmable controller. An encapsulated device, comprising a device positioned within a -

mold and enclosed within an encapsulating material, the encapsulating material prepared
by a process described above, wherein the computer program residing in the programmable
controller may comprise the steps of checking for system faults, executing a pour cycle,
repositioning the mold, ejecting a molded part, and repeating the previous steps.

Brief Description of the Drawings
" ‘These and other featires, aspects, and advantages of the present invention will .

become better understood with regard to the followmg description, appended claims, and
accompanymg drawings where:
FIG-1 shows a system dlagram of a three chemical feed mixing and dlspensmg

FIG-2 shows a system dlagram of a four chemical feed mixing and dispensing
system. o . .
FIG-3 shows the elements of a chemical delivery snbsystem.- ,
| FIG-4 shows the elements of an alternative embodiment of a chemical delivery .
subsystem.
FIG-5 shows the elements of a tix head assembly.
~ FIG-6 shows the overall control sequence of the mixing and dlspensmg system
operatxon ' ' o S :
' FIG-7 shows the control sequence for checking for system: faults.
FIG-8A and FIG-8B show the control sequence for executing the pour cycle.
FIG-9 shows the control sequence for repositioning the mold. |
- FIG-10 shows the control sequence for ejecting the molded part from the mold.

Detailed Description
Turning now to FIG-1, a preferred embodiment of the system 10, is shown in

accordance with the present inventive concepts. FIG-1 shows a system diagram of a three
chemical feed mixing and dispensing system 10. The mixing and dispensing system 10

. comprises three chemical delivery subsystems including a monomer shurry delivery

subsystem 350, a polymerizing quencher'delivery subsystem 360, and a polymerizing
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initiator delivery subsystem 390, In responsclasto monomer sharry control signals 710 from a
programmable controller 600, the monomer slurry delivery subsystem 350 dehvers a
precise quantity of monomer slurry 810 to a monomer slurry mixing annulus 180 of a mix
head 100. Within the mix head 100, the monomer slurry 830 is transported from the |
monomer mixing annulus 180 to a polymmzmg shurry mixing annulus 190. In response to

‘polymerizing initiator control signals 770 from the programmable controllm' 600, the

polymerizing initiator delivery subsystem 390 delivers a precise quantity of polymenzmg
initiator 880 to the polymerizing shurry mixing annulus 190 of the mix head 100. The
monomer sturry 830 within the mix head 100 and the polymerizing initiator 830 are mixed
within the polymerizing shurry mixing annulus 190 of the mix head 100, creating a rapidly
polymerizing material that is delivered from the mix head 100 to an inlet of a three-way
valve 510 by a mix head outlet 840. Under normal operation, in response to a valire control
signal 730 from the programmable controller 600, the three-way valve 510 cauées the
rapidly polymerizing materials from the mix head outlet 840 to be sent to an mjector tunnel
920 via an injector tunnel inlet 850. The injector tunnel 920 delivers the rapidly
polymerizing material to a mold 940. The positions of the injector tunnel 920 and the mold
940 are determined by mold and injector control signals 740 from the programmable
controller 600. The programmable controller 600 ai_so controls the speed of an electric
motor in the mix head 100 as well as reads and controls apres.éure sensor and a light port
in the mix head 100 by way of mix head control signals 750. |
The polymerization rate may be controlled by suitably heating and cooling the

- chemical materials. This may be achieved by controlling the temperature of the reactant
~ streams, either separately or together, over a temperature range of between 0°C and 60°C.
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Control of the temperature of the reactant streams may be achieved by providing a
temperature controlling jacket attached to the mix head 100 for exchangmg heat with the
mix head 100. Alternately, the temperature of the monomer slurry 810, the polymerizing
quencher 820, and the polymerizing initiator 880 may be controiled by suitable heat
exchangers placed between the delivery subsystems 350, 360, 390, and the mix head 100.
Altemately, the temperature of the chemical materials in the monomer slurry delivery
subsystem 350, the polymerizing quencher delivery subsystem 360, and the polymerizing
initiator delivery subsystem 390 may be suitably temperature controlled by, for example,
enclosing the delivery subsystems in a temperature controlled envirom_nent.

To stop the normal operation of the mixing and dispensing system, the delivery of
the polymerizing initiator 880 is stopped by the polymerizing initiator delivery subsystem
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390 in response to polymenzlng initiator co:gml signals 770 from the programmable
controller 600. In order to expel the polymerizing material from the mix head 100, in
response to polymerizing quencher control signals 720 from the programmable controller
600, the polymerizing quencher delivery subsystem 360 delivers a precise quantity of
polymenzmg quencher 820 to the polymerizing slurry mixing annulus 190 of the mix head
100, creating a quenched polymenzmg slurry that is delivered to the inlet of the three-way
valve 510 via the mix head outlet 840. In response to valve control signals 730 from the
programmable controller 600, the three-way valve 510 causes the quenched polymenzmg
slun'ytobesenttoawastetank%()vxaawastetankmletsm _

Turning now to FIG-2, 2 preferred embodiment of the system 20, is shown in -
accordance with the present inventive concepts. FIG-2 shows a system diagram of a four
chemical foed mixing and dispensing system 20, The mixing and dispensing system 20
comprises four chemical delivery subsystems including a silica paste delivery subsystem
370, a polymerizing quencher delivery subsystem 360, a monomer delivery subsystem
380, and a polymerizing initiator delivery subsystem 390. In response to silica paste -
cohttol_ signais 780 from a programmable controller 600, the silica paste delivery - -
subsystem 370 delivers a precise quantity of silica paste 890 to 2 monomer slurry mixing

" annulus 180 of a mix head 100. In response to monomer control signals 760 from the
- programmable controller 600, the monomer delivery subsystem 380 delivers a precise

20

quantity of monomer 870 to thie monomer shurry mixing annulus 180 of the mix head 100.
The silica paste 890 and the monomer 870 are mixed within the monomer slurry mixing
annulus 180 of the mix head 100, creating a monomer shurry 830 within the mix head 100.
Within the mix head 100, the monomer shurry 830 is transported from the monomer mixing
annulus 180 to a polymerizing slurry mixing annulus 190. In response to polymerizing
initiator control signals 770 from the programmable controller 600, the polymerizing
initiator dellvery subsystem 390 delivers a precise quantity of polymerizing initiator 830 to
the polymenzmg slurry mixing annulus 190 of the mix head 100. The monomer slurry 830

* within the mix head 100 and the polymerizing initiator 880 are mixed within the
- polymerizing shurry mixing annulus 190 of the mix head 100, creating a rapidly

30

polymerizing material that is delivered from the mix head 100 to an inlet of a three-way
valve 510 by a mix head outlet 840. Under normal operation, in response to a valve control
signal 730 from the programmable controller 600, the three-way valve 510 causes the
rapidly polymerizing materials from the mix head outlet 840 to be sent to an injector tunnel
920 via an injector tunnel inlet 850, The injector tunnel 920 delivers the rapidly
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polymerizing material to a mold 940. The positions of the injector tunnel 920 and the mold
940 are determined by mold and injector control signals 740 from the programmable
controller 600. The programmable controller 600 also eonﬁ'ols the speed of an electric
motor in the mix head 100 as well as reads and controls apressuie sensor and a light port
in the mix head 100 by way of mix head control signals 750.

The polymerization rate may be controlled by suitably heating and cooling the
chemical materials. This may be achieved by controlling the temperature of the reactant
streams, either separately or together, over a temperature range of between 0°C and 60°C.
Control of the temperature of the reactant streams may be achieved by providing a
temperature controlling jacket attached to the mix head 100 for exchanging heat with the
mix head 100. Alternately, the temperature of the monomer 870, the polymeﬁzing
quencher 820, the silica paste 890, and the polymerizing initiator 880 may be controlled by
suitable heat exchangers placed between the delivery subsystems 360, 370, 380, 390, and

the mix head 100. Alternately, the temperature of the chemical materials in the silica paste

delivery subsystem 370, the monomer delivery subsystem 380, the pelymeﬁzing quencher
delivery subsystem 360, and the polymerizing initiator delivery subsystem 390 may be
suitably temperature controlled by, for example, enclosing the delivery subsystems in a
temperature controlled environment.

To stop the normal operation of the mixing and dnspensmg system, the delivery of
the polymerizing initiator 880 is stopped by the polymerizing initiator delivery subsystem
390 in response to polymerizing initiator control signals 770 from the programmable
controller 600. To expel the polymerizing material from the mix head 100, in response to

" polymerizing quencher control signals 720 from the programmable_controlle_r 600, the

polymerizing quencher delivery subsystem 360 delivers a precise quantity of polymerizing
quencher 820 to the polymerizing shury mixing annulus 190 of the mix head 100, creating
a quenched polymerizing slurry that is delivered to the inlet of the three-way valve 510 via
the mix head outlet 840. In response to valve control signals 730 from the programmable

- controller 600, the three-way valve 510 causes the quenched polymerizing slurry to be sent

30

to a waste tank 960 via a waste tank inlet 860. |

Turning now to FIG-3, an alternate embodiment of the system is shown in
accordance with the present inventive concepts. FIG-3 shows the elements of a chemical
delivery subsystem 30. The elements of this chemical delivery subsystem may be used in |
all delivery subsystems, including the monomer shurry delivery subsystem, the silica paste

delivery subsystem, the monomer delivery subsystem, the polymerizing quencher delivery
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subsystem, and the polymenzmg inifiator dehvery subsystem. The elements of the delivery
subsystem 30 comprise a collapsible tubing 330 containing a specified chemical material, a
feed spool 310 containing the collapsible tubing 330, a rotary union 320 positioned at a
hub of the feed spool 310, a pinch roller assembly 340 for collapsing the collapsible tubing
330, a collapsed collapsible tubing 334, and a take-up spool 315 for containing the
collapsed collapsible tubing’ 334. The chemical feed materials are separately packaged in
the collapsible tubing 330 by the materials manufacturer, and the filled collapsible tubing
330is supphed to the customer wound on the feed spool 310. The rotary union 320 at the
hub of the feed spool 310 allows the chemical material in the collapsible tubing 330 to be
delivered to the mix head. The user mounts each feed spool 310 to its rotary union 320,
thereby breaking a seal to permit the chemical material to flow. The free end of the
collapsible tubing 330 s placed through the pinch roll assembly 340 and connected to the
take-up spool 315 which is held under constant tension. When the pinch roll assembly is
rotated, the chemical material is squeezed out of the collapsible tubing 330, through piping

o the mix head. As the material is squeezed out of the collapsible tubing 330, the

collapsed collapsible tubing 334 is wound onto the take-up spool 315. The pinch roll

assembly may be driven by stepper motors controlled by a programmable controller.
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Turning now to FIG-4, FIG-4 shows the elements of an alternative embodiment of

" a chemical delivery subsystem 35. This embodiment can provide a larger volume of

chemical material to an encapsulating process, which may be required, for example, where
either longer production runs are desired or larger volumes of chemical material are .

‘required for larger mold volumes. A chemical material 802 is'contained withina .

pressurized feed container 338 and is fed to a stepper motor driven metering or peristaltic
pump 322 via chemical material conduit 804. The metering or peristaltic pump 322
performs a metering function by controlling the amount of chemical material 802 that is
provided to a mix head via chemical handling conduit 806. The chemical material 802 may
be contained within a flexible container 336, such as a bladder, to provide a suitable barrier
to the external environment. Pressure is maintained on the chemical material by providing

a force F on a diaphragm element 332 positioned within the pressurized container 338, The

force F on the diaphragm 332 may be provided by mechanical means, pneumatic means, or
by pmsunzed nitrogen or argon gas. - ' :

Turning now to FIG-5, an embodiment of the system 40 is shown in accordance
with the present inventive concepts. FIG-5 shows the elements of a mix head assembly
100. The mix head 100 comprises a high, variable speed electric motor 110 that is coupled
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to a mixing spindle 170 by a sealed magnetic coupling 120 to ensure that contamination of
the materials by atmospheric gases is prevented. Contamination ofthe sealed spmdle )
bearings 130 by silica paste and monomer.feed materials can be prevented by filling the
head space, under vacuum, with mercury. Since mercory is highly incompressible, it wxll
prevent intrusion of feed materials into the bearing region, preventing rapid bearing'w_ear

by a silica slurry feed material. Typical rotational speed of the electric motor 110 and the

'mixing spindle 170 is 5000 RPM. The mixing spindle 170 is positioned within a sealed

cavity within a mixing body 160 having a cylindrical-shaped inner wall, the space between
the inner wall and the mixing spindle forming a annular spacing. An upper section of the
annular spacing closest to the magnetic coupling 120 forms a monomer shurry mixing
annulus 180 for mixing silica paste and monomer feed materials. Silica paste is introduced

into the monomer slurry mixing annulus 180 through a silica paste feed port 140 connected

to a means for delivering the silica paste 890. Monomer is introduced into the monomer
shurry mixing annulus 180 through a monomer feed port 142 connected to means for
delivering the monomer 870. If a premixed monomer slurry is used in the process, one of
these feed ports is plugged and the other is used to introduce a premixed monomer slurry
into the' monomer slurry mixing annulus. The flow of the chemical through this and
subsequent sections is at right angles to the velocity gradients that are formed By the
rotating mixing spindle 170, helping to ensure efficient mixing of the chemicals. The -
monomer slurry flows down to a lower section of the annular spacing opposite the
magnetic coupling 120 that forms a polymerizing slurry mixing annulus 190. The annular
clearance in this lower section is decreased in order to increase the local slurry velocity for
rapidly mixing and diluting the chemicals introduced into the polymerizing slurry mixing
annulus 190 and to prevent plugging of feed ports. Polymerizing initiator is introduced into
the polymerizing slurry mixing annulus 190 through a polymerizing initiator feed port 146
connected to a means for delivering the polymerizing initiator 880. Polymerizing quencher
is introduced into the polymerizing slurry mixing annulus 190 through a polymerizing
quencher feed port 144 opposite the polymerizing initiator feed port 146, and connected to
a means for delivering the polymerizing quencher 820. The polymerizing initiator initites
polymerization of the monomer sturry while the polymerizing quencher provides a reaction
poison to stop the polymerizing reaction. With a polymerization reaction with an induction
time of between one and five seconds, it is possible to sequentially fill multiple molds.
Below the mixing spindle 170 is a mix mixing annulus outlet port 148 for supplying the
rapidly polymerizing materials to the mix head outlet 840 connected to a three-way valve
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510. The three-way valve 510 provides the mixed slurry to either the injector tunnel inlet

850 or the waste tank inlet 860, under control of a programmable controlier. A pressure
sensor 150 is installed in the wall of the mixing body 160 to signal the programmable
controller that the mold cavity is filled. A light port 152 is also provided at the mixing
annulus outlet port 148 through which radiation can be transmitted to a flowing shurry.
This may be used to elthergaugethepresence ofcertamchemxcalcompoundsforcontrol
purposes, or when the system is used with photo-curable chemical materials, the light port
serves to initiate polymerization of the material. .
Turning now to FIG-6, FIG-6 shows the overall controil sequence 50 of the mixing
and dispensing system operation. The control sequence 50 resides in memory in a
grammable controller and comprises four major steps. After starting the computer .

program 601, the first step is to check for system faults 610. If this step is satisfied, the step
to execute the pour cycle 630 is carried out, followed by a reposition of the mold 660 and
an eject the molded part 680. If all of the steps are carried out without error, the control
sequence is again started 601. '

~ Turmning now to FIG-7, FIG-7 shows the control sequence for checkmg for system
faults 60 (610 in FIG-6). After starting the check for system faults 611, the delivering

~ subsystems are checked to determine if they are ready and capable of delivering another

shot 612. If they are not, a purge/quench alarm is set and a purge/quench cycle is initiated
620, aﬁer which the system is stopped 622. If the delivering subsystems are ready 612, the
mlxheadpressurexscheckedtodetennmelfltlsnearzeroﬂs If the mix head pressure is

~ not near zero, a back up command is sent to the delivering subsystems 614 in order to
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reverse the stepper motors to stop material flow. If the pressure is not reduced to near zero

after three back up commands 613, a purge/quench alarm is set and a purge/quench cycle
is initiated 620, after which the system is stopped 622. If the mix head pressure is near zero
615, the elapsed time since the last pour is checked to determine if it is less than a preset
pour time limit T1 616. If it is not less than the pour time limit T1, a purge/quench alarm is
set and a purge/quench cycle is initiated 620, after which the system is stopped 622. If the
elapsed time since the last pour is less than the pour time limit T1 616, it is determined if a
polymer is forming in the mix head 619. If a polymer is not forming in the mix head 619, a

~ polymerizing alarm is set 618. If the operator overrides the polymerizing alarm 617, the

step of checking for system faults is restarted 611. If the operator does not override the

 polymerizing alarm 617, a purge/quench alarm is set and a purge/quench cycle is initiated

620, after which the system is stopped 622. If a polymer is forming in the mix head, the
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mold position is checked 621. Efthe mold pasition is not correct, the stop of checking for
system faults is restarted 611. If the mold is positioned correctly 621, the step of checking
for system faults is ended 623, and the computer program continues to the st'ep.of |
executing the pour cycle, 630 in FIG-6. ._

 Tuming now to FIG-8A and FIG-8B, FIG-8A and FIG-8B show the control

sequence for executing the pour cycle 70, (630 in FIG-6). FIG-8B is a continuation of FIG-
8A, and they connect together at A 654 and B 655. After starting the pour cycle 631, an
advance command is sent o an injection tunnel 632 to advance the injection tunnel in
order to make contact between the injection tunne! and the mold. A check is made to
determine if the injection tunnel contacts the mold 635. If contact has not been made, the
advance tunnel command 632 is repeated for up to three times 634. If the injection tunnel
does not contact the mold 635 after three contiguous advance tunnél commands 634, an
injection tunnel advance alarm is set 633 and the elapsed time since the last pour is
checked to determine if it is less than a preset pour time limit T1 636. If it is not less than
the pour time limit T1, a purge/quench alarm is set and a purge/quench cycle is initiated
649, after which the system is stopped 651. If the elapsed time since the last pour is less

" than the pour time limit T1 636, a check is again made to determine if the injection tunnel

30

contacts the mold 635. If the injection tunnel does make contact with the mold 635, _the

* delivering subsystems are started and the pour time limit T1 timer is reset 637. A check is

made to determine if the mix head pressure is less than a preset pressure value P1 639, If
the check is affirmative, another check is made to determine if the delivered chemical
volumes are less than preset volume limits Vi 638. If the dehveted volumes are less than
the preset volume limits 638, the check of the mix head pressure 639 is repeated. If either
the mix head pressure is not less than the preset pressure value P1 639, or the delivered
chemical volumes are not less than preset volume limits Vy 638, the delivering subsystems
are stopped and back up commands are sent to the delivering subsystems 640. A check is
made to determine if the chemical ratios are correct 643. Ifthé ratios are not correct 643, a
ratios alarm is set 642 and a determination is made if the ratios alarm is stopped within a
preset ratios time limit T2 641, indicating an override by the operator. If the ratios alarm is
not stopped within the preset ratios time limit T2 641, a purge/quench alarm is setand a
purge/quench cycle is initiated 649, after which the system is stopped 651. If either the

‘delivered chemiqal-ratios are correct 643, or the ratios alarm is stopped within the ratios

time limit T2 641, a check is made to determine if the delivered chemical _voh_nnes are

- within preset ranges 645. If the delivered chemical volumes are not within preset ranges
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645 avolumealarm is set 644, Aﬁerthevolumealann is set 644, orlfthedehvered

chemical volumes are within preset ranges 645, a retract command is sent to the injection
tunnel 646. A check is made to determine if the injection tunnel contacts the mold 648. I
contact has not been broken, the retract tunnel command 646 is repeated for up to three
times 647. If the injection tunnel contacts the mold 648 after three contiguous advance

- tunnel commands 647, an injection tunnel retract alarm i is set 650 and the elapsed time

10

15

20

30

since the last pour is checked to determine if it is less than’ apreset pour time limit T1 652.
If it is not less thanthepourtlme limit T1, a purge/quench alarm is set and a purge/quench
cycle is initiated 649, after which the system is stopped 651. If the elapsed time since the
last pour is less than the pour time limit T1 652, a'check is again made to determine if the
inj jection tunnel conitacts the mold 648. If the injection tunnel no longer makes contact with
the mold 648, the pour cycle is ended 653, and the computer program continues to the step
of repositioning the mold, 660 in FIG-6. o
Tummg now to FIG-9, FIG-9 shows the control sequence for reposmomng the
mold 80, (660 in FIG-6). When the step of repositioning the mold is started 661,a

 reposition command is sent to the mold 662. A check is made to determine if the mold is

repdsiﬁoned 665. If the mold is not repositioned, the reposition mold command 662 is.
repeated for up to three times 664. If the mold is not repositioned 665 after three

~ contiguous reposmon commands 664, a mold positioning alarm is set 663 and the elapsed

time since the last pourxschecked to determine if it is less than a preset pour time limit T1
666. IfxtlsnotlessthanthepourumehmltTl apmge/quenchalarmmsetanda .

.' purge/quench cycle is initiated 667, after which the system is stopped 668. If the elapsed

time smcethelastpourlslossthanthepourtnme limit T1 666, a check is again made to

 determine if the mold is repositioned 665. If the mold is repositioned 665, the step of

reposmomng the mold is ended 669, and the computer program continues to the step of
ejecting the molded part, 680 in FIG-6. - .
Turning now to FIG-10, FIG-10 shows the control sequence for gjecting the

" molded part from the mold 90, (680 in FIG-6). When the step of ejecting the molded part is

started 681, an eject part command is sent to the mold 682. A check is made to determine

if the part is ejected 685. If the part is not ejected, the eject part command 682 is repeated
for up to three times 684. If the part is not ejected 685 aﬁ:er three contiguous eject part

commands 684, an eject part alarm is set 683 andtheelapsedt:mesmcethe last pour is
checked to determine if it is less than a preset pour time limit T1 686. If it is not less than
the pour time limit T1, a purge/quench alarm is set and a purge/quench cycle is initiated
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687, after which the system is stopped 688. %gme elai:sed time since the last pour is less
than the pour time limit T1 686, a check is again made to determine if the part is ejected
685. If the part is ejected 6835, the step of ejecting the molded part is ended 689, and the
computer program recycles to the step of starting the computer program, 601 in FIG-6.

- The present inventive concept provides a system that significantly imprbvés the
rate at w_hich components may be encapsulated and substantially reduces the cost of

' encapsulation. Tooling costs are also reduced because of the higher polymerization rates

involved. Parts costs are also reduced by the elimination of two to four hours curing time
of encapsulated components in curmg ovens. The chemical delivery subsystems enable
long reactant shelf life without refrigeration. Long shelf life is also enabled by the mixing
of the feed chemicals in the mix head just prior to being injected into a mold cavity, rather
than using premixed materials that may deteriorate while being stored. The system offers
improved reliability through elimination of valves in the chemical feed, advanced
computer control, a novel mix head design, and no special handling of chemicals by highly
trained personnel. The system is especially suitable to small shot sizes such as is required

- when encapsulating delicate electronic components because of the unique mix head

configuration. The delicate electronic components such as microchips that are encapsulated
by this system are distinguishable by greater reliability and higher yields due to the use of
low viscosity encapsulating materials reducing failures from causes such as wire sweep, .
and lower molding temperatures for creating less thermal stress than conventional
techniques. The chemical material components are also inherently free from residual
corrosive substances - - _

'Although the present invention has been described in con_si_derable detail with
reference to certain preferred embodiments thereof, other embodiments are possible.
Therefore, the spirit and scope of the appended claims should not be limited to the
description of the preferred embodiments herein. |
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waarsceaneos: (I

1. A mixing and dispensing system for rapidly polymerizing materials,
comprising: | . _
(@ meansfor delivering a monomer slurry to a polymerizing mixing means;

~(b) means for dehvenng a polymcrizin'g initiator to the polymerizing mixing

means; - - |

" (¢) means for forming a rapidly polymerizing shurry by combining the

monomer shurry and the polymierizing initiator in the polymerizing mixing means; and
(d  means for delivering the rapidly polymerizing slurry to a mold.

2. Amixing and dispensing system for rapidly polymerizing materials,
accordmg to claim 1, wherein the means for delivering a monomer slurry comprises:
(@  means for dehvenng a silica paste to a monomer slurry mixing means;
(®  meansfor delivering a monomer to the monomer slurry mixing means;

() = means for forming the monomer slurry by combining the monomer and the

silica paste. in the monomer slurry mixing means; and

(d  means for delivering the indnomer-slurry to the polymerizing mixing
means. o S . g

3. A mixing and dispensing system for rapidly polymerizing materials,
accordmg to claim 2, further comprising:

(a) means for dehvenng a polymenzmg quencher to the polymerizing mixing
means; ' ' :
()  means for forming a quenched polymerizing slurry by combining the -
polymerizing quencher and the rapidly polymerizing slurry in the polymerizing mixing
means; and |

()  means for delivering the quenched polymerizing slurry to a waste tank.

4, A mixing and dispensing system for rapidly polymerizing materials,
according to claim 1, further comprising means for controlling the monomer slurry _
delivering means, the polymerizing initiator delivering means, the rapidly polymerizing
slurry forming means, and the rapidly 'polyme.rizing slurry delivering means.

Sheet Has Been Replaced :
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5. A mixing and d:spensmg system for rapidly polymenzmg matemls

according to claim 3, further comprising means for controlling the silica paste delivering

means, the monomer delivering means, the monomer shurry forming means, the
polymerizing initiator delivering means, the rapidly polymerizing slurry forming means,
the rapidly polymerizing shurry delivering means, the polymerizing quencher delivering
means, the quenched polymenzmg slurry fonnmg means, and the quenched polymenzmg

' slurry delivering means.
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6. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 1, wherein the means for delivering the monomer slhurry comprises:

(a)  acollapsible tubing containing the monomer slurry having a free end and an
outlet end; _ |

()  afeed spool containing the collapsible tubing such that the outlet end is
connected to a rotary union at an axis of the feed spool; |

(¢)  apinch roll assembly for collapsing the collapsible tubing from the feed
spool when the pinch roll assembly is rotationally activated, causmg the monomer slurry to
be squeezed out of the collapsible tubing at the outlet end through the rotary union to the
polymenzmg mixing means; and

(d  atake-up spool for containing the collapsed collapsible tubmg such that the
free end is connected at an axis of the take-up spool.

7. A mixing and dispensing system for rapidly pblymerizing materials,
according to claim 1, wherein the means for delivering the monomer slurry cqmprises a

pressurized feed container connected to a rotationally activated metering pump.

8. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 1, wherein the means for delivering the polymerizing initiator
comprises: . . _

(a) acollapsible tubing containing the polymerizing initiator having a free end
and an outlet end; _ |

(b) . afeed spool containing the collapsible tubmg such that the outlet end is
connected to a rotary union at an axis of the feedspool

(c) - apinch roll assembly for collapsing the collapsible tubmg from the feed
spool when the pinch roll assembly is rotationally activated, causing the polymenzmg
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* squeezed out of the collapsible tubing at the outlet end through the rotary union to the
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initiator to be squeezed out of the collapsible tubing at the outlet end through the rotary
union fo the polymenzmg mxxmg means; and

(d)_ a take-up spool for contammg the collapsed collapsible tubmg such that the
free end is connected at an axis of the take-up spool

9. A mxxmganddlspensmg system for rapidly polymerizing materials,

according to claim 1, wherein the means for delivering the polymerizing initiator

comprises a pressurized feed container connected to a rotationally activated metering

10. A mixingand dispensing system for rapidly polymerizing materials,
according to claim 1, wherein the means for dehvmng the rapxdly polymerizing slurry to

the mold comprises a valve.

1 1._ ~ A mixing and dlspensmg system for rapidly polymerizing materials,
according to claim 2, wherein the means for delivering the silica paste comprises:
(@ a collaps1ble tubing containing the silica paste having a free end and an

()  afeed spool containing the collapsible fubing such that the outlet end is
connected to a rotary union at an axis of the feed spool; S

" (¢) - apinch roll assembly for collapsing the collapsible tubing from the feed
spool when the pmch roll assembly is rotationally activated, causing the silica paste to be

monomer slurry mlxmg means; and
(@  atake-up spool for containing the collapsed collapsible tubing such that the
free end is connected at an axis of the take-up spool. - '

12. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 2, wherein the means for delivering the silica paste comprises a
pressurized feed container connected to a rotationally activated metering pump.

13. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 2, wherein the means for delivering the monomer comprises:
eet Has Been ReplaCEd
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(@  acollapsible tubing contammg the monomer having a free end and an outlet
()  afeed spool containing the oollapsiﬁle tubing such that the outlet end is
connected to a rotary union at an axis of the feed spool; |

()  apinch roll assembly for collapsing the collapsible tubing from the feed
spool when the pinch roll assembly is rotationally activated, causing the monomer to be
squeezed out of the collapsible tubing at the outlet end through the rotary union to the
monomer shurry mixing means; and

(d  atake-up spool for containing the collapse& collapsible tubing such that the
free end is connected at an axis of the take-up spool.

14. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 2, wherein the means for delivering the monomer comprises.a

pressurized feed container connected to a rotationally activated metering pump.

15. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 3, wherein the means for delivering the polymériiing quencher
comprises: _

(@)  acollapsible tubing containing the polymerizing quencher having a free end
and an outlet end;

(b)  afeed spool containing the collapsible tubing such that the outlet end is
connected to a rotary union at an axis of the feed spool;

(¢)  apinch roll assembly for collapsing the collapsnble tubing from the feed
spool when the pinch roll assembly is rotationally activated, causing the poly_menzmg
quencher to be squeezed out of the collapsible tubing at the outlet end through the rotary
union to the polymerizing mixing means; and | |

(d  atake-up spool for containing the collapsed collapsible tubing such that the
free end is connected at an axis of the take-up spool.

16. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 3, wherein the means for delivering the polymerizing quencher
comprises a pressurized feed container connected to a rotationally activated metering
pump.
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17. A mixing and dispensing system for rapidly polymerizing materials,
aceordmg to claim 3, wherein the means for delwermg the quenched polymerizing slurry

" WO 99/46097

to the waste tank comprises a valve.

18. A mixing and dispensing system for rapidly polymerizing materials,
accordmg to claim 3, wherein the means for dehvenng the quenched polymenzmg slurry
to the waste tank or the rapxdly polymenzmg slurry to amold comprises a three-way valve.

19. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 1, wherein the means for forming a rapidly polymerizing slurry in the
polymerizing mixing means comprises a mix head.

'20. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 2, wherein the means for forming the monomer slurry in the monomer
mixing means and the means for delivering the monomer sjurry to the polymerizing
munng means comprise a mix head. '

- 21. A mixing and dispensing system for rapidly polymerizing materials,

" according to claim 3, wherein the means for forming a quenched polymerizing slurry in the

20

30

polymerizing mixing means comprises a mix head.

22. A mixing and dispensing system for rapldly polymenzmg materials,
accordmg to claim 3, wherein: o
"~ (a) ‘the means for forming a monomer slurry in the monomer mixing means
comprises a mix head;
- (b)  themeans for delivering the monomer slurry to the polymerizing mixing
means comprises the mix head; '
(c)  the means for forming a rapidly polymerizing shurry in the polymerizing
mixing means comprises the mix head; and
@ the means  for forming a quenched polymerizing slurry in the polymenzmg

- mixing means comprises the mix head.

23. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 22, wherein _the mix head comprises:
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(8 ‘an electricmotorhavingadnveshaftconnected_to an input end of a
(b)  amixing spindle connected to an output end of the coupling and positioned
within a sealed mixing cavity within a mixing body by a spindle bearing, the mixing body
having a cylindrical-shaped inner wall; |

(¢) - anupper annular spacing in the mixing cavity between an upper section of
the mixing spindle and an upper section of the mixing body, forming a monomer shurry
mixing annulus; |

(@)  alower annular spacing in the mixing cavity between a lower section of the
mixing spindle and a lower section of the mixing body, forming a polymerizing slurry
mixing annulus; - .

(¢) amonomer feed port connected to the monomer dellvenng means and
positioned in the mixing body wall at the monomer slurry mixing annulus for m_)ectmg a
monomer into the monomer slurry mixing amnulus;

- (f) asilica paste feed port connected to the silica paste delivering means and
positioned in the mixing body wall at the monomer shurry mixing annulus for mjectmg a
silica paste into the monomer slurry mixing annulus;

() apolymerizing initiator feed port connected to the polymerizing initiator
delivering means and positioned in the mixing Body wall at the polymerizing slurry mixing
annulus for injecting a polymerizing initiator into the polymerizing slurry mixing annulus;

- (h)  apolymerizing quencher feed port connected to the polymerizing quencher
delivering means and positioned in the mixing body wall at the polymerizing siurry mixing
anmulus for injecting a polymerizing quencher into the polymerizing slurry mxxmg
annulus; and R
@ an output port positioned in the bottom of the mixing body opposite the
coupling below the polymerizing sturry mixing annulus for ejecting a polymerizing sharry
from the mixing cavity. |

24. ' A mixing and dispensing system for rapidly polymerizing materials,
according to claim 23, wherein the mix head further comprises a pressure sensor
positioned in the mixing body wall for determining when the mold is filled with the rapidly

polymerizing slurry. —_—
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" means and positioned in the mixing body wall above the polymerizing slurry mixing
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25. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 23, wherein the mix head further comprises a light port posmoned_ in
the mixing body wall below the polymerizing slurry mixing annulus for use of a light
sensing probe for determining the polymerizing shurry characteristics.

. 26. A mixing and dispensing system for rapidly polymenzmg matenals
aocordxng to cla:m 23, wherem '

(a) the mix head further comprises a light port positioned in the mixing body
wa_ll below the polymerizing slurry mixing annulus for use of a radiation source in

initiating polymerization of a photo-curable monomer slurry;
(b) the polymerizing initiator feed port is deleted from the mixing body wall;

and _ _
(c) the'polymérizing-iniﬁator delivering means is eliminated.

27 A miXing'and_dispensing system for rapidly polymerizing materials,
according to claim 23, wherein the electric motor is a high, variable speed electric motor.

28. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 23, wherein the coupling is a sealed magnetic coupling.

29, A mixing and dispensing system for rapidly polymerizing materials,
according to claim 23, wherein the mixing spindle bearing is sealed.

30. A mixing and dispensing system for rapidly polymerizing materials, _
according to claim 23, further comprising & means for heating the polymerizing slurry at
the output port of the mixing cavity.

31. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 23, wherein the monomer feed port and the silica paste feed port are
replaced by a single monomer slurry feed port connected to the monomer slurry delivering |

annulus for injecting a premixed slurry of monomer and silica paste into the mixing cavity.
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32. A mixing and dispensing system tor rapidly polymenzmg materials,
according to claim 23, further comprising athree-wayvalvehavmganmpﬁconnectedto
the output port of the mixing cavity, a first output connected to themold, and a second
output connected to the waste tank.

33. " A mixing and dispensing system for rapidly polymerizing materials,
according to claim 1, further comprising means for controlling a temperature of the rapidly
polymerizing shurry in the polymerizing mixing means.

34. A mixing and dispensing system for rapidly ﬁolyx_nerizing materials,
according to claim 1, further comprising: o

(@)  means for controlling a temperature of the monomer slurry mtelposed
between the means for delivering the monomer slurry and the polymenzmg mmng means;

- and
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(®)  means for controlling a temperature of the polymerizing initiator ix_:terpose_d
between the means for delivering the polymerizing initiator and the polymerizing mixing
means. '

35 A mixing and dispensing system for rapidly polymerizing materials,
according to claim 2, further comprising: | ” |

(8)  means for controlling a temperature of the silica paste interposed between
the means for delivering the silica paste and the monomer slurry mixing means; and

(b)  means for controlling a temperature of the m_onoiner inferposed between the

- means for delivering the monomer and the monomer slurry mixing means.

36. A mixing and dispensing system for rapidly poiymerizing materials,
according to claim 1, further comprising:
‘(@  means for controlling a temperature of the monomer slurry at the means for
delivering the monomer slurry; and
(b)  means for controlling a temperature of the polymenzmg mmator at the
means for delivering the polymerizing initiator. |

37. A mixing and dispensing system for rapidly polymgrizing matenals, |
according to claim 2, further comprising:
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(a) meansforconh'ollmgatemperamreoftheslhcapasteatthemeansfor
dehvermgmesxhcapaste,and '
(b) meansforcontrolhngatemperatureofthemonomeratthemeansfor

delivering the monomer.

38, Amixing and dispensing system for rapidly polymerizing materials,
(8  amix head having a variable speed electric motor coupled to a mixing
spindle positioned within a sealed mixing cavity within a mixing body having a
cyhndncal-shaped inner wall, the electric motor bemg posmoned at a first end of the
mixing body,

(b) " a monomer feed port connected to a monomer delivering subsystem and
posmoned in the mmng body wall; ' '

(c¢) asilica paste feed port connected to a 31hca~paste delivering subsystem and

posmoned in the mixing body wall;

'(d)  apolymerizing initiator feed port connected to a polymerizing initiator

| delivering subsystem and positioned in the mixing body wall;
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- (9  apolymerizing quencher feed port connected to a polymerizing quencher
delivering subsystem and positioned in the mixing body wall;
(f)  apressure sensor positioned in the mixing body wall for determining mix
head pressure; " - .
" (2 - anoutlet port positioned at a second end of the mixing body opposite the
electric motor, and being connected to an input of a thrée-way valve; -
(h)  afirst output of the three-way valve being connected to an inlet of an
injection tunnel, and a second output of the three-way valve being connected to a waste
@ a means for positioning a mold in relation to the mix head; -
@ " ameans for positioning the injector tunnel so that an injector tunnel outlet is
in contact with an iniet of the mold; ' B :
&  ameans for ejecting a molded part from the mold; and -
()  aprogrammable controller connected to the monomer delivering subsystem,
the silica paste delivering subsystem, the polymerizing initiator delivering subsystem, the
polymerizing quencher delive‘ﬁng subsystem, the variable speed electric motor, the
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pressure sensor, the three-way valve, the mof'd positioning means, the _mle_ctor@_@__tlmn_el_______

poining s, o molddpu osnogmeen. | [ YN A

39. A mixing and dispensing process for rapidly polymerizing materials,
comprising the steps of: | '

(@  delivering a monomer shurry to a polymerizing mixing means;

(®)  delivering a polymerizing initiator to the polymerizing mixing means;

(c) forming a rapidly polymerizing shurry by combining the monomer shurry
and the polymerizing initiator in the polymerizing mixing means; and |

(d delivering the rapidly polymerizing slurry to amold.

40. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 39, wherein the step of delivering a monomer slurry comprises the steps.
of: ; :

()  delivering the silica paste to a monomer slurry mixing means;

(b)  delivering the monomer to the monomer shurry mixing means; |

(©  forming the monomer slurry by combining the monomer and the silica paste
in the monomer slurry mixing means; and

(d) delivering the monomer slurry to the polymerizing mixing means.

41. A mixing and dispensing process for rapidly pqumerizing materials,
according to claim 40, further comprising the steps of: |

(a)  delivering a polymerizing quencher to the polymerizing mixing means;

(b) forming a quenched polymerizing slurry by combining the polymerizihg
quencher and the rapidly polymerizing slurry in the polymerizing mixing means; and

(¢) delivering the quenched polymerizing slurry to a waste tank.

42. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 39, further comprising the step of controlling a temperature of the
rapidly polymerizing slurry in the polymerizing mixing means.

43. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 39, further comprising the steps of: '
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(a)  controlling a temperature of the monomer slurry during the step of
delivering the monomer sturry to the polymerizing mixing means; and
(b) controlling a temperature of the polymerizing initiator during the step of
delivering the polymenzmg mmator to the polymerizing mixing means.

44. Am:xmg and dlspensmg process formpxdly polymenzmgmatenals,
accordmg to claim 40, further compnsmg the steps of: - -

(@ controllmg a temperature of the silica paste during the step of delivering the
silica paste to the monomer slurry mixing means; and S

®) controllmg a temiperature of the monomer during the step of dehvengg the

th lurry .
o e | ] 1111 lIII

45 A mixing and dxspensmg process for rapidly polymenzmg matenials, -
according to claim 39, further compnsmg the steps of:
(a controllmg a temperature of the monomer slurry prior to delivering the
monomer slurry' and ' '
(b) controllinga temperature of the polymerizing initiator prior to dehvermg
the polymerizing initiator. - .

46. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 40, further comprising the steps of: .
()  controlling a temperature of the silica paste prior to delivering the silica
paste; and B - ] .
(b)  controlling a temperature of the monomer prior to delivering the monomer.

47. A mixing and dispensing process for rapidly polymerizing materials,
accordmg to claim 39, further comprising the step of controlling the monomer slurry
dehvenng step, the polymenzmg initiator delivering step, the rapidly polymerizing slurry
forming step, and the rapldly polymenzmg slurry delivering step by a programmable
controller.

48. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 41, further comprising the step of controlling the silica paste delivering
step, the monomer delivering step, the monomer slurry forming step, the polymerizing
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initiator delivering step, the rapxdly polymenzmg slurry forming step, the rapidly
polymerizing slurry delxvenng step, the polymerizing quencher dehvenng step, the
quenched polymerizing slurry forming step, and the quenched polymerizing shurry

delivering step by a programmable controller.

49. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 48, wherein the programmable controller eomp;ises a computer
program comprising the steps of:

@) checking foraytem ful; ) 0 A O

(b) - executing a pour cycle;
(c)  repositioning the mold;
(d) - ejecting a molded part; and
" (e)  repeating steps (a) through (d).

50. A mixing and dispensing process for rapldly polymenzmg matenals
according to claim 49, wherein the step of checking for system faults comprises the steps
of: _ _ S

()  determining if the delivering subsystems are ready;

(b)  setting a purge/quench alarm and initiating a purge/quench cycle if the
delivering subsystems are not ready; |

(¢) determiningifa mxx head pressure is zero;

(d  sending back up commands to the delivering subsystems if the mix head
pressure is not zero;

(e) setting the purge/quench alarm and initiating the putge/quench cycle if
more than three contiguous back up commands are sent to the delivering subsystems
because of a non-zero mix head pressure;

® determining if an elapsed time since a last pour, is less thana predetermmed

‘pour time limit and setting the purge/quench alarm and 1mt1atmg the purge/quench cycle if

the elapsed time since the last pour is not less than the predetetmmed pour time limit;

(g)  determining if a polymer is forming in a mix head; |

(h)  setting a polymerizing alarm and enabling an operator to override the
polymerizing alarm and restart the step of checking for system fanlts by repeaung steps (a)

through (h) if the polymer is not forming in the mix head; e
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(i)  settingthe purge/quench alarm and initiating the purge/quench cycle ifan
operator does not override the polymenzmg alarm;
1)) determmmg if the mold is positioned correctly; and

(k)  restarting the step of checking for system faults by repeating steps (a)

e e A T

51, A mlxmg and dxspensmg process for rapidiy polymerizing materials,

according to claim 49, wherein the step of executing the pour cycle: comprises the steps of:

(@) sending an advance tunnel command to an injection tunnel positioning
means for positioning an injection tunnel outlet in contact with an inlet of the mold;

(b)  determining if an injection tunnel contacts the mold;

(c) repeating steps (a) and (b) if the injection tunnel does not contact the mold;

(d) setting an injection tunnel advance alarm if the injection tunnel does not
contact the mold after three contiguous advance tunnel commands;

(e determmmg if an elapsed time since a last pour is less than a predetermmed
pour time hmlt and setting a purge/quench alarm and initiating a purge/quench cycle if an
operator does not correct the injection tunnel alarm within the predetermined pour time

(l)  beginning pouring by starting the delivering subsystems and resetting a
pour timer; S S o
_ ® determmmglf amixheadpressure' is less than a predetermined pressure
() determmmg if delivered chemical volumes are less than predetermined
volume limits; '
@) repeating steps (f) through (h) if the mix head pressure is less than the

| predetermmed pressure limit and the delivered chemical volumes are less than the

30

predetermmed volume limits;

B stoppmg the pouring by stopping the delivering subsystems and sending
backilp commandstothedehvenngsubsystems if either the mix head pressure is not less
than the predetermined pressure limit or the delivered chemical volumes are not less than
the predetermined volume limits; -

(k) determining if delivered chemical ratios are correct;
()  setting a ratios alarm if the delivered chemical ratios are not correct;
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(m) settingthe pmge/quench alarm and initiating the purge/quench cycle if the

opetatordoesnotresettherahos alarm after a predetermined ratios alarm time limit;
"(n)  determining if the delivered chemical volumes are within predetennmed

volume ranges; .

(0) setting a volume alarm 1f the delivered chemical volumes are not within the
predetermined volume ranges;

(p)' sending a retract tunnel command to the injection tunnel positioning means;

(@ = determining if the injection tunnel contacts the mold;

(f)  repeating steps (p) and (q) if the injection tunnel continues to contact the
mold; . . o -

() setting an injection tunnel retract alarm if the injection tunnel does not
retract from the mold after three contiguous retract tunnel commands; and

® determining if the elapsed time since the last pour is less than the
predetermined pour time limit and setting the purge/quench alarm and initiating the
purge/quench cycle if the operator does not correct the injection tunnel retract alarm within
the predetermined pour time limit.

52. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 49, wherein the step of repositioning the mold comprises the steps of:

()  sending a reposition mold command to a mold positioning means;

(b)  determining if the mold is repositioned;

(c) repeating steps (a) and (b) if the mold is not repositioned;

(d) setting a mold repositioning alarm if the r_nold does not reposition after three
contiguous reposition mold commands; and ._

© determmmglfanelapsedhmesmcealastpourlslessthanapredetermmed
pour time limit and setting a purge/quench alarm and initiating a purge/quench cycle if an
operator does not correct the mold repositioning alarm within the predetermined pour time
limit.

53. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 49, wherein the step of ejecting the molded part comprises the steps of:

(a)  sending an eject molded part command to a molded part egectmg means;

()  determining if a molded part is ejected;

(c)  repeating steps (a) and (b) if the molded part is not ejected;
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(d) settmganejectpartalarmxfﬂle molded part does not eJect after three
contiguous eject molded part commands; and . : -
| (¢)  determining if an elapsed time since a last pour is less than a predetermined
pour time limit and setting a purge/quench alarm and initiating a purge/quench cycle if an
operatof does not correct the eject part alarm within the predetermined pour time limit.

'54.  An encapsulated device, comprising a device positioned within a mold and
enclosed within an encapsulating material, the encapsulatmg material prepared by a
process comprising the steps of: '

(@  delivering a monomer shurry to a polymerizing mixing means;
(®)  delivering a polymerizing initiator to the polymerizing mixing means;
© formmg a rapidly polymerizing shurry by combining the monomer sturry

and the polymerizing initiator in the polymerizing mixing means; and
@ deiveing o iy poymerin hury o ol |||||||| |||||| Il ||||| I

55.  Anencapsulated device, comprising a device positioned within a mold and.
enclosed within an encapsulating material, the encapsulating material prepared by a -
process according to claxm 54, wherein the step of delxvenng a monomer slurry comprises
the stepsof: - -

(@  delivering the silica paste to a monomer slurry mixing means;

(b)  delivering the monomer to the monomer shurry mixing means;

(©  forming the monomer shirry by combining the monomer and the silica paste

in the monomer slurry mixing means; and

(d  delivering the monomer slurry to the polymerizing mixing means.

56.  An encapsulated device, comprising a device positioned within a mold and
enclosed within an encapsulating material, the encapsulating material prepared by a
process according to claim 55, further comprising the steps of:

(a)  delivering a polymerizing quencher to the polymerizing mixing means;

(b)  forming a quenched polymerizing slurry by combining the polymerizing
quencher and the rapidly polymerizing slurry in the polymerizing mixing means; and

(¢)  delivering the quenched polymerizing slurry to a waste tank.
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57.  An encapsulated device, comprising a device positioned within a mold and
enclosed within an encapsulating material, the encapsulating material prepared by a
process according to claim 54, further comprising the step of controlling the monomer
slurry delivering step, the polymerizing initiator delivering step, the rapidly polymerizing
shurry forming step, and the rapidly polymerizing slurry delivering step by a computer
program residing in a programmable controller.

'58.  An encapsulated device, comprising a device posmoned within a mold and

losed within an encapsulating: matenal, the encapsulating material prepared by a
process according to claim 56, further comprising the step of controlling the silica paste
delivering step, the monomer del-i_ve‘rihg step, the monomer slurry forming step, the
polymerizing initiator delivering step, the rapidly polymerizing shurry forming step, the
rapidly polymerizing shurry delivering step, the polymerizing quencher delivering step, the
quenched polymerizing slurry formmg step, and the quenched polymerizing slurry
delivering step by a computer program resxdmg ina programmable controller.

59. Anencapsulated devnce, compnsmg a devxce posmoned within a mold and
enclosed W1th1n an encapsulating materml, the encapsulatmg material prepared by a
process according to claim 58, wherein the computer program residing in the -
programmable controller comprises the steps of: | T

@ checking forsystem falts; Y O A 0

()  executing a pour cycle; Low s T

(c)  repositioning the mold; -

@  cjecting amolded part; and

(6)  repeating steps (a) through (d).

‘\\_'_

-+ 'This Sheet:Has Been R

T llll




