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Abstract

The Department of Energy has funded about twelve man years of effort at the
University of Florida to create a plastic scintillator with properties similar to previous
material, but with for a factor of one hundred greater resistance to optical degradation by
nuclear radiation. This project has been successful and the precise conditions for
producing the material are known. The University of Florida has applied for worldwide
patent protection for this invention.

Nanoptics, Inc., has negotiated an exclusive license with the University of Florida
to commercialize the invention. It is now necessary to process this material into the forms
of clad fibers and plates suitable for use at the SSC. The purpose of this proposal to the
SSC is for Nanoptics, Inc., to acquire the equipment for material processing. We are
requesting the smaliest scale research type extrusion equipment which is commercially
produced. From the time of ordering, it will take 6-8 months for manufacture and delivery
of the equipment. Given the short time scale for SSC detector development before
designs will be frozen, it is essential that material processing equipment be acquired as
soon as possible.

Personnel in, or consulting with Nanoptics, Inc., have over thity man years of
experience in fiber production. The SSC has great need of this material, we know how
to make the material, we have the expertise to process the material, we request support
for the equipment to process the material into the form required for the SSC.

Finally, given the financial and manpower investmert in this project up to this point
in time, it is economically important to ensure the retention of the full scale
commercialization of this high technology within the USA. We request full support for
Nanoptics, Inc., in this challenging technical development which is important to the full
exploitation of the SSC.



1. Introduction

There is great interest by a number of collaborations in the use of plastic scintillator
as the active medium of choice for particle detection at the SSC. This is evidenced by
the large number of major subsystem proposals utilizing plastic scintillator for either
calorimetry or particle tracking.

it is well known that the radiation hardness of conventional polystyrene (PS) or
polyvinyltoluene (PVT) based scintillator is inadequate for the desired levels of stability
over a typical ten year utilization period in the anticipated radiation fields at thé S§S8C.
Much of the recent interest in the use of plastic scintillator at the SSC has been
stimulated by the discovery at the University of Florida that polysiloxane based scintillators
offer an approximate one hundred fold improvement-in resistance to radiation degradation
compared to conventional scintillator at a given wavelength of emitted light. This new
scintillator promises to offer the desirable features of conventional plastic scintillator
coupled with this remarkable improvement in radiation stability. Primary and secondary
fiuors have been chosen for the new siloxane scintillator and work is continuing on a
systematic investigation of the optimum fluors to be used in the case of wavelength
shifting materials. This work is being done at the University of Florida. —

An SSC calorimeter detector will require approximately 10° meters of fiber in one
design, and 10° plates in another. A third design requires a mixture of plates and fibers.
In each case, the quantity of fiber and/or plate is so great that it demands extrusion
.processing technology for the plastic scintillator production. We anticipate that siloxane
scintillator for calorimeters will most economically be produced using thermoset siloxane.
The purpose of this proposal is to support Nanoptics, Inc., to develop the production
capacity for thermoset siloxane suitabie for prototype subsystem calorimetry at the SSC.
A synopsis of a description of Nanoptics, Inc., is given in Appendix' l. To meet the time



scale which has been established for SSC detector prototype research, and detector
proposal submission, it is essential for Nanoptics, Inc., to initiate development of the
thermoset siloxane production technology at this time. There is a 6-8 month lead time
for extrusion equipment delivery.

Nanoptics, Inc., is funded through a Small Business Innovation Research grant from
the DOE to develop the first thermoplastic siloxane. This plastic will be particularly suited
to the micro-fibers required for particle tracking. Coherent bundles of these micro-fibers
will be produced for this purpose. This proposal does not address that processing
technology. Nanoptics, Inc., received a second SBIR, from the National Science
Foundation, to study deterioration of siloxane and fluors by UV radiation and high

temperatures.
2. Properties of Siloxane Scintillator

a) Plastic Transmission and Radiation Hardness

Work at the University of Florida has resulted in the identification of the most
radiation hard optically transparent polymers known to this date, polyorganosiloxanes.
There is < < 1% transmission loss in 1.5 cm samples at 450 nm after exposure to 18
Mrads in Argon (The radiation resistance is slightly better in Argon than in air). This is
depicted in Figure |1 where polydimethyldiphenylsiloxane is compared to polyvinyltoluens,
a widely used commercially available scintiliator base. Polyvinyltoluene exhibits significant
absorption at wavelengths greater than 600 nm after exposure to 1 Mrad. This is true
whether samples are exposed in Argon or in air.

The development of color centers (or yellowing) in plastics with time is also a well
known characteristic. This property is prevalent in polystyrene, polyvinyitoluene and
platinum cured polydiorganosiloxanes. The High Energy Physics group at the University



of Florida has conducted extensive research in this area. In addition, Nanoptics, Inc.,
received an SBIR from the NSF to study UV and high temperature induced yellowing of
polysiloxane. It now appears evident that polyorganosiloxane samples cured with peroxide
rather than platinum exhibit an undetectable tendency to "yellow™ with time and are very

resistant to temperature induced yellowing. In these respects the material is at ieast as
good as the conventional plastics.

The chemistry involved in the peroxide cure reaction is:

n,c=c~|»3i-oHsi—+§i—9—m,

m/n=1/5

mam SiCH=CH, <+ W= Si—CHy — | Si Si

A specific peroxide cure agent has been identified for use in this reaction:

335-timethyt-
OOC(CHy)s oycichexans



it appears that peroxide cured polydimethyldiphenysiloxanes will withstand high
radiation doses and resist "yellowing" with time.

b) Plastic and Primary Fluor

In addition to plastic scintillator base research, the High Energy Physics group at
the University of Florida has identified radiation hard primary fluors. They have
demonstrated that appropriate quaterphenyls dissolved in polydiorganosiloxane have high
quantum efficiencies, nsec decay times, and < 10% loss of light output after an
irradiation of 10’ Rads.

These "appropriate” quaterphenyls were identified by analyzing the mechanism of
radiation induced decrease in light transmission in oligophenylene/siloxane based
scintillator. The problem was to identify, fluor substituents which enhance'isolubility but
are not labile to radiation. That is, some bulky, solubility enhancing substituents react
under irradiation to produce color centers. Light output reduction is not the result of
damage to the oligophenylene fluor but rather to the solubility enhancing substituents.
(See Figure ). Thin sampies showed no significant light output loss after 10 Mrad
exposure, meaning that there is negligible loss due to chromophore degradation (Figure
Hl). In thick samples light output decrease correlates with optical density increase at the
emission maximum (Figure IV). In all cases, increasing the complexity of substituents
leads to increasing color center formation which is the main source of optical damage to
the scintillator.

The High Energy Physics group is currently testing oligophenylene dyes made
soluble with t-butyl groups. These dyes have shown the greatest photostability to date
in quaterphenyl laser dye operation. When pumped by a xenon chioride eximer laser

these dyes were six times more stable than previously tested dyes (1). T-butyl groups



impede degradation reactions by sterically hindering the approach of adjacent molecules
to the chromophore (2).
In the polysiloxane system, t-butyl fluor substituents are expected to

a) increase solubility

b) decrease reactivity

¢) impede fluor migration
In reference to c) long term migration of fluors to the siloxane surface has been observed
in some cases (3, 4). We have decided on the chemical route to covalently bond the
fluors to the polymér if this turns out to be a problem. Accelerated aging studies are
underway to quantify the effect.

c) Secondary Dye Work "

in order to take full advantage of the polysiloxane-based scintiliators one must shift
the primary dye emission wavelength to greater than or equal to 450 nm, where
polysiloxane does not experience any transmission loss after 18 Mrad irradiation dose in
Argon. This has now been accomplished by using a secondary dye in combination with
the primary fluor, as a wavelength shifter. Much work in the Iagt year ﬁas gone into
secondary dye synthesis, characterization and testing.

Three classes of wavelength shifter dyes have been investigated. The stability of
the best combination of plastic and dyes is shown in Figure V. This new plastic
scintillator has about one hundred times the resistance to degradation by nuclear radiation
compared with the standard commercial product, Bicron 408 which does emit at a slightly
shorter wavelength. As well as the usual properties of high quantum efficiency, radiation
hardness, and short fluorescence time an additional property is highly desirable for a
secondary fluor. This is the property of a low self reabsorption at a wavelength



corresponding to the peak emission of the dye. Since, the light attenuation of a plastic
scintiliator is usually determined by this parameter, considerable effort has been expended
to achieve a low molar extinction coefficient at 450 nm for the secondary dye (which we
identify as N.l.s.d.450c). Figure VIl shows the molar extinction coefficient in this
wavelength range. The ratio of the extinction coefficient at 450 nm to the extinction
coefficient at peak absorption at 370 nm is 10®. This is a remarkably low ratio. It is
about 100 times better than POPOP and is comparable to the value measured with a
proton transfer dye such as 3HF which has very large Stokes shift. In the case of this
secondary dye, the low ration comes not from an intrinsically large Stokes shift, but from
the detailed dynamics of the molecular transitions undergone by the dye.

The extremely low reabsorption by the dye makes it's use in fibers particularly
attractive. In fact, the reflection coefficient between the core and cladding will probably
dominate the attenuation of the 450 nm light in fibers. A preliminary measurement of
attenuation of scintillation light in a 25 cm long strip with 10 mm X 2 mm cross section
gave an attenuation length > 75 cms. It is now of great importance to address the
processing of the scintillator material into fibers and plates (possibly clad as well) to

achieve the optimum processing conditions for maximum internal reflection coefficient.

d) Siloxane Physical Properties

Nanoptics will use vinyl terminated high molecular weight
polydimethyldiphenylsiloxane gel for spinning 1 mm clad fibers and for scintillator plates.
The structure of this peroxide cure, gel siloxane (depicted earlier) has advantages over
platinum cure systems. These are: |

1) "Yellowing" with time is not observed.



2)

3)

4)

5)

Platinum cure systems react with proton transfer dyes (3-HF) and
eliminate fluorescence. Peroxide cure systems do not interfere with
tautomeric fluorescence.

The peroxide cure gels cure to a shore A hardness of = 70. The
surface is not tacky, whereas platinum cure systems cure to a
hardness of 8-20 and are tacky (5).

In order to reaction spin coextruded fibers, a high viscosity core
material is needed. The high molecular weight gel selected has a
viscosity of 200,000 cps at room temperature. This is discussed more
completely in the next section.

Commercially available methyl/phenyl siloxane gels are used widely
as high performance elastomers. These materials are optically
transparent. Because of their wide use, the cost is significantly less

than for platinum cured gels.

3) Processing of Polysiloxane Gel Scintiliator Material

The siloxane ge! cures (is transformed into a material which does not flow) by

crosslinking. After crosslinking the material is not thermally processible. To meet the

needs of SSC detectors we propose to reaction spin clad fibers and to reaction extrude

clad plates. We make note of three significant facts:

a)

b)

c)

Reaction spinning of other polymers (including crosslinked
polyurethane) has been developed (6,7).

The literature cites a patent on the production of clad, cured, cross-
linked siloxane fibers (8).

Armet Industries Inc. produces extruded, crosslinked siloxane tubes.



In addition, every expert we have consulted is confident the process will work. The
peroxide catalyst and siloxane will be mixed in a rolt mill. The extruder will convey this
material to a spinnerette head (for fibers) or to a fiim/sheet die. The material must solidify
or cure after exit from the head or die. In the spinnerette head or plate die, the material
will be encased in a thermoplastic (meltable) fluorocarbon. These fluorocarbons solidify
rapidly upon exit from the extruder. They act as botties encasing the catalyzed siloxane
which will be cured after the encasement process. Cure will take place at a temperature
below the melting point of the cladding. We have already shown that the siloxane
completely cures at temperatures as low as 100°C. This is below the meiting point of the
cladding materials. (See next section).

4. Cladding Materials

The High Energy Physics Group at U of F has identified optimum fluorocarbon
cladding materials. These are: Kynar 7201, Kynar 9301 and Kynar 2801. Two
properties are of utmost importance in reaction processing:

a) Thermal properties - processing temperature

b) Optical properties - refractive index. ]
The following table summarizes these properties and is discussed below. PVDF, a
commonly used fluoropolymer for cladding glass fibers is included for comparison:

Processing n e,
Temperature
KYNAR 7201 120°C 1.41 16.4
KYNAR 9301 110°C 1.40 17.8
KYNAR 2811 140°C 1.41 16.4
PVDF > 170°C 1.42 15.0
SILOXANE GEL 2 100°C(Reaction 1.47
(Temperature)

10



Thermal properties of the siloxane dictate the choice of cladding materials. The
peroxide catalyzed system reacts at temperatures 2 100°C. However, it must react after
exit from the extruder. The extruder throughout is 12 lbs./hour. The average residence
time of the material in the heated extruder is 3 minutes. At temperatures below 160°C
the siloxane cure time is much longer than 3 rhinutes. The three Kynars listed have ideal
thermal properties for reaction extrusion. In addition, the fluors are not thermally degraded
at these temperatures. Fluoropolymers commonly used to clad glass fibers are processed
at temperatures from 180-260°C. At these temperatures the fluors would degrade and the
siloxane would crosslink in the extruder.

In order to ensure good light pipe trapping, the refractive index of the cladding
material must be lower than that of the core. Optimum efficiency of light pipe trapping
is obtained at confinement angles of 8° or higher (9). The confinement angle is defined
as:

8, = 90° - Arc Sin (@ cladding/® core)
The above tabie iliustrates that the selected cladding materials have ideal optical and

thermal properties for processing our scintillator material.

5. Proposed Equipment
We propose to purchase equipment to produce clad fibers and clad scintillator
plates. The same up stream compounding, feeding and extrusion conveying equipment
will be used for both plates and fibers.
The equipment consists of 5 subsystems:
a) A Two Roll Mill compounder for mixing dye and peroxide with the gel,
$10,000.

11



b) A Ram feeder to feed the gel into the gel extruder. A conventional
chip to hopper to feed the cladding pellets into the cladding extruder,
$2,000.

c) Two one inch diameter single screw extruders with three heating
zones and 3HP Wertic brushless DC motors.

d) Fiber spinning attachment and down stream take up equipment:

Pump heads and Drive

Polymer transfer lines

Spin head

Spin pack

Water quench bath

Denier strand controi roll

Spool winder

Spinnerette frame
ftems under ¢ and d are priced as a unit. The total cost of ¢ and d is $159,000. ¢ and
d will be purchased from Hills R & D Inc., their price quote and detailed equipment
description is in Appendix Il of this proposal.

e) Film plate coextrusion attachment and down stream take up device;

ABA design extrusion adaptor $ 8,340
6 inch wide coextrusion dye $ 3,075
Adapter Flanges $ 560
Film chill roller $11,300
Film winder $ 2,700

The items under e will be purchased from Killion. Their price quote and equipment
description is enclosed in Appendix IIl.

12



The initial step in polysiloxane scintiliator processing involves addition of the dye
and peroxide to the siloxane. We have selected a Thropp Two Roll Lab Mill, 2" diameter
X 6" long for this purpose. Small quantities of fluors and peroxide (< .1% by weight)
must be added to the polymer. This is best undertaken in a batch process on a two roll
milt.

The cladding material is available in pellet form is easily transterred to the extruder
via a conventional hopper. The siloxane extruder will be equipped with a Ram feeder.
Here, the gel is placed in a rectangular shaft leading to the extruder. A piston attached
to a plate (at a 45° angle to the shaft) forces the gel into the extruder. This is a
conventional technique for feeding rubber into an extruder.

The fiber spinning assembly is mounted directly on the two extruders. Pump heads
are used to meter and feed the materiai from the extruder to the spin head via-polymer
transfer lines. These lines are electrically heated to protect against freezing. In the spin
head the two melt streams are brought together into the spin pack. The spin pack is
especially designed for optical fiber spinning. it contains a filtration unit and the proper
channeling to bring the polymers together in a sheath/core format. The spin pack will
make one strand at a time.

The molten core/sheath strand is exiruded into a water bath beneath the
spinnerette. The diameter of the fiber (1 mm) is controlied by changing the speed of a
polished denier control roll. The fiber is then wound on a spool type winder.

At this stage, the siloxane gum, fluor and catalyst are encased in a "bottle” of
fluorocarbon polymer. The peroxide has not yet catalyzed the reaction. The average
residence time in the spinning system is three minutes. At 100-150°C the cure time is

over 1 hour. The fiber can be easily cured after spinning by placing the spool in a hot

Zone or oven,

13



This equipment is interchangeable so that parts including the extruder and up
stream to the extruder (feed assemblies) can be attached to the coextrusion film plate
unit. Again, our requirement is that the unreacted siloxane be encased in a "bottie™ of
fluorocarbon. The coextruded film plate will consist of fluorocarbon, siloxane, fluorocarbon
layers. The sides will also be encased in fluorocarbon. This is known as a "coat hanger”
geometry.

An ABA combination adapter transfers polymers from the extruders to the die. A
6 inch wide dye is equipped with the proper channels to produce 1 mm thick clad film
plate. The dye is heated and equipped with adapter flanges. In film formation, the film
is "solidified” by a chill roller rather than a water bath. The roller can accommodate plate
up to several mm thickness. The film is then transferred to a winder and cured as
discussed above for fibers. It may be noted that several years ago Saclay extruded one
to five mm thick scintillator plate and achieved a thickness uniformity of £ 3% which is |
adequate for our purposes.

Note: This equipment has been specifically designed for Nanoptics to produce
optical fibers and plates. Special attention has been paid to adequate space for efficient
filtering of materials. The equipment manutacturers will, work with us on production start
up. ’

6. Objectives of the Proposed Research
The objective is to produce radiation hard plastic scintiliator and wavelength shifter

suitable for use in prototype subsystems for the SSC. Nanoptics will produce radiation
hard scintillator with the following characteristics:

a) Fluorescence decay times less than three to four nanoseconds.

b) Light output greater than 50% of standard commercial scintillator.

14



c) Attenuation length for light transmission in the plastic scintillator or
wavelength shifter comparable to existing commercially available material.

d) The plastic scintillator will have controliable flexibility for rapid manipulation
of fibers and plates.

e) Minimum change in light output and attenuation length at exposures up to
10 rads.

Three calorimeters have been proposed for SSC use:

FITCAL Calorimeter
ZEUS Calorimeter
SPAGETTI Calorimeter

Both FITCAL and ZEUS require scintillator plates with a primary dye which absorbs
at 300 and emits at 370 nm and a secondary dye which absorbs at 370 and emits at 450
nm. Both systems require wavelength shifter material which absorbs at 450 and emits
at 2 500 nm. The SPAGETTI calorimeter requires scintillating fiber with a dye that
absorbs at 300 and emits at > 500 nm. A large Stokes shift is needed to minimize self
absorption in these two meter long fibers.
The High Energy Physics Group at the University of Florida is developing
fluor/siloxane formulas to meet these needs.
Nanoptics will process plates and fibers using the appropriate formulations. The
specific objective’s of this proposal are to:
a) Develop and optimize processing techniques for producing clad fibers and
clad scintillator plates.
b) To produce the above materials in sufficient quantities to supply to sub-
system prototype groups for study and evaluation.

15



c) To compiete all background evaluations work necessary to allow scale up

on the production level with multiple machinery to produce all plates and/or
fiber used in the SSC.

7. Work Plan and Milestones

Year I:

To = approval time

a)

b)

c)

d)

Year Il:

9)

h)

i

k)

To: Order equipment

To + 6 months: optimum materials processing characteristics
determined by U of F funded proposal under SSC generic research.
To + 6-8 months: Equipment delivery and set up. Begin machinery
optimization.

To + 10 months: Prototype production runs begin for approved
scintiliator subsystem groups for SSC. Scintillator plates will be
optimized at this time.

To + 12 months: Delivery of prototype plates to approved groups.

To + 12 months: Step d above repeated for fibers.

To + 14 months: Step e above repeated for fibers.

To + 15 months: Begin' plate production for complete plate
subsystem proposal.

To + 18 months: Deliver plates.

To + 18 months: Begin fiber production for complete fiber subsystem
proposal.

To + 21 months: Deliver fibers.

16



Budget

Budget for Year |
Salaries
1. Materials Scientist

2. Technician

Benefits at 25%
TOTAL SALARIES

Equipment

1. Compounding equipment

2. Extrusion equipment

3. Test equipment and parts
TOTAL EQUIPMENT

Material

1. Plastic

2. Fluorescent dyes
3. Miscellaneous

TOTAL MATERIALS

Travel

Consultants

Indirect C (at 40% of non-equipment cost)
TOTAL COST

17

$ 40,000
22,000
$ 62,000
$.13.500

$ 10,000
186,975
20,000

$ 12,000
10,000
5,000

$ 77,500

$216,975

$ 27,000

$ 5,000
$ 4,000

$_45.400
$375,875



A.

Budget for Year i

Salaries
1. Materials Scientist $ 40,000
2. Technician _22.000
$ 62,000

Benefits at 25% $_15.500

TOTAL SALARIES $ 77,500
Equipment
1. Extrusion equipment $ 25,000
2. Miscellaneous ' -10.000

TOTAL EQUIPMENT $ 35,000
Material
1. Plastic $ 10,000
2. Fluorescent dyes 20,000
3. Miscellaneous —3.000

TOTAL MATERIALS $ 35,000
Travel $ 5.000
Consultants $ 4,000
Indirect Costs (at 40% of non equipment cost) $_48,600

TOTAL COST $205,100

Estimated Budget for Year Il
The budget is estimated at $50,000 for Year Ill.

18



9. Budget Justification

The equipment which Nanoptics proposes to purchase will result in the capability
to produce all types of scintillator and wavelength shifter needed for all of the
subsystemn plastic scintillator calorimeters that have been proposed for the SSC.

The bulk of the equipment, the coextrusion equipment, is multifaceted. That is,
interchangeable parts allow for coextrusion of clad sheets or clad fibers. Two
equipment designers worked with us in the equipment design. Mr. W. Baker of Hills R
& D Inc., designed the coextrusion fiber spinning equipment. Hills R & D Inc. is a
company whose efforts are directed specifically toward the design of research level
fiber spinning equipment. They have developed an area of expertise in the spinning of
bicomponent fibers. Killion extruders designed the "coat hanger” film plate coextrusion
block for scintillator plate production. This plate design has been used by Killion in
prior successful attempts to produce encased filmsf plates.

APC designed a special ram feeder to convey the gel to the extruder.

This equipment contains a combination of features not available in any
commercially available systems. Therefore, the manufacturers will trial test the
equipment prior to shipping in order to make necessary adjustments in the processing
techniques.

The budget also allows for consultant fees. Three fiber specialists (described
under the personnel section) wili assist us in equipment start up. A Materials Scientist
and Technician from Nanoptics will work on this project. Their salaries are included.

We have included in the budget the necessary materials aliotment for polymer
and fluors.

The budget for Year Il is mainly for salaries and materials. Equipment
allotments are for maintenance, spare parts, test equipment and possible coextrusion
dye configurational changes.
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10. Personnel

Dr. J. K. Walker, President of Nanoptics has 30 years experience working with
scintillators. He was a consultant to Pilot Chemical Company, the largest producer of
scintillator in the US. He has had two SBIR's funded for Nanoptics. He is also the
Head of High Energy Physics at the University of Florida.

Dr. J. Harmon, is an Associate Research Scientist in the Physics Department at
the University of Florida and Chief Materials Scientist at Nanoptics, Inc. She has
previously worked as a Research Scientists with Eastman Kodak Company. She has
extensive research experience in polymer processing and polymer synthesis. She
holds patents in the area of dye polymer interactions.

Dr. K. Wagener, Chief Chemist in Nanoptics, Inc., has eleven years of industrial
fiber spinning experience and is a leading polymer chemist now in the Department of
Chemistry at the University of Florida. Dr. Wagener's group at the University of Florida
consists of 13 people and he is the project leader of a 2.5 million dollar DARPA project
on polymers. He also supervises a graduate student and a postdoctoral associate on
the synthesis of polysiloxane thermoplastic elastomers which is of direct relevance 1o
this project. This has recently been successful and a patent has been filed for this
process.

Dr. A. S. Abhiraman is a consultant to Nanoptics to the project on fiber spinning.
He is a Professor and Director of Polymer Programs in the School of Chemical
Engineering at Georgia Institute of Technology. Previous to that, he had several years
of industrial fiber spinning experience. He is internationally recognized as having made
pioneering contributions in fundamental aspects of fiber spinning. In 1987 he received
the Fiber Society Award for Distinguished Achievement.
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Dr. W. Baker is the Technical Director in charge of designing fiber spinning
equipment at Hills Research and Development, Inc. of Meibourne, Florida. He has
extensive experience in the area of coextruding clad fibers. He is a consultant on this
project.

Dr. J. M. Kauffman is an expert in the area of fluor synthesis. He is a
consultant to Nanoptics, Inc., and has actively contributed to this project by designing
the molecular structures for primary and secondary fluors. He is an Associate

Professor at the Philadelphia College of Pharmacy and Science.
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porn: Oresnosk, Scotland, Ootober 9, 1935; married 1960, 2 ohildren
802ia]l Security Number: 029-33-1833

Edupation:

B.8c. (First Class Honors) Physios, 1957; Glasgow Univeraity
Ph.D. Physics, 1960; Glasgow University

Professional Redord:

Assistant Scientist, Royal Wavy Undervater Experimental uboutory,
Greenodk, Scotland, 1954-55

Researph Scientist, Eoole Norsale Superisure, Orsay, Franoce, 1960-62
flesearsh Asso2iate, Narvard University, 1962=-64
Assistant Professor, Harvard University, 1964-67
Consultant to the Pilot Chemical Co., Watertown, Massachusetts, 1964-T0
Associate Professor, Harvard University, 1967-68
Fellowship at the Buropsan Center for Nuslear Researsh in Geneva,
Swizterland, 1968
Departasnt Head, Neutrino Laboratory, FPermilad, 1969-T1
Chairman, Physiocs Department, Ferailsd, 1972-74
Departaent Head, Internal Target Laboratory, Feramilabd, 1975-77
Deputy Head, Colliding Beans Department, Permilad, 1978~1980
Projest Leader, Prompt Neutrino Facility, 1980-1983
Fsllowship at the Rutherford Laboratory, Oxfordshire, England, 1983
Tellouship at the Weizmann Institute, lsrael, 1983
Tellowship at the European Center for Nuclear Research {n Geneva,
Switzerland, 1983-84
Research Scientist, Farmilad, 1969-1984
Adjunot Professor, University of Northern Illinois, 1973-83
Professor, University of Florida, 19B¥-present

National Service Avards

Lord Kelvin Avard for Experimental Physics, 1960

Fellow of the British Physiocal Sodiety 1960-62

John Simon Guggenheim Foundation Fellow, 1968

Memder of the U.S. Organizing Committes for the 1979 International
Syaposium on Lepton ané Photon Interadtions at Righ Energles

Counselor and Member of the American Humanist Association

Meaber, Ferailad National Laboratory Users Executive Committee
1981-present

Amerioan Men and Women of Science

Publications: A total of 82 pudlications in various high energy physios and
detactor instrusentation.

Patent: Polysiloxane Composition Scintillator (1988).

Relevant Pyblications

1. J. K. Walker, et al. “A Nev Radiation-Resistant Plastic Scintillator™ accepted
for publication in IEPE Transactions on Nuclear Science.

2. J. K. Walker, et al. "A Pilot Study of the Radiation Rasistance of Selected Plastic
Scintillators™ accepted for publication in IEEE Transactions on Nuclear Science.

3. J. K. ¥alker, et al. "A Wev Radiation-Hard Plastic Scintillator™ accepted for
publication in Fuclsar lastruments and Methods.

&. J. X. Valker, et al. "A Pilot Study of the Radistion Resistance of Selected Plastic

. Scintillators™ accepted for publication In Nuclesr Instruments snd Methods.

#= J. K. Valker, et al. "Fast, Radiation Hard Scintillating Detactor, A Potential

Application for Sol-Gel Glass™ accepted for pnbliutton h Bull. of the Amcrican

Ceramic Society. .

Professional Activity '
Presentation at the Workshop on Scintillating Fiber Detector ncn:lop-nt at 8SC,
Ferai Laboratory, Chicago, IL Bovambar 1988.




PERSONAL

Education

Specialization

Employment

TEACHING

CURRICULUM VITA
JULIE P. HARMON

Birthdate: March 28, 1849

Bé?i) Chemistry, Mercyhurst College, Erie, PA, Cum Laude
&.s.' Chemistry, Duquesne University, Pittsburgh, PA

973).
%383: Materials Science, Univ.of Rochester, Rochester, NY

Solid state 8roperti:s of p?{ymear:‘; manical dy
operties, {rans ies ure-prope
glations. Pl'»t:'tm:?\oam!?sftc.r;”i Polymer, dye light stability.

1988-Present, Nanoptics Inc., Progress Center, Alachua,
Florida, 32615. Chief Materials Scientist, studying
mechanical properties of polymers, polymer processing, and
dye polymer interactions.

1989-Present, Dept. of Physics, Univ. of FL, Gainesville,

Florida, Associate Research Scientist. High Ener

Physics, Researching Mechanical Properties of polymers,
mer processing, and dye polymer interactions.

1983-88, Eastman Kodak Research Laboratories, Rochester,
NY, Research Scientist. Research activities included
mechanical properties of polymers-impact modifications;

dye diffusion, solubility and immobilization in
polymers; polymer processing of composites - extrusion,
compounding, filler dispersion.

1976-77 UCO Optics, Scottsville, NY, Polymer Research

Chemist. Research activities included biomedical
merg; diffusion induced deformation and swelling in
rophilic polymers; mmar esis; the effect of
cture on swelling tear strength.

1973-75, PPG industries, Pittsburgh, PA, Technical Service
Representative. Technical activities included polymer
composites; mechanical properties of composites; polymer
processing - coating, laminating rotational molding.

*Mechanical Properties of Polymers,” graduate level
course, University of Rochester, Flochgstar. New York.
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"&:Iymor Chemistry,” St. John Fischer College, Rochester,

PUBLICATIONS AND PATENTS

1.

7.

*Transport of Alcohols in Deformed PMMA," J. P. Harmon and J. C.
M. L, MMMM@_@W
;%mg_;ge and Mobulcty in Molecular and Atomic Glasses,” 371,

“Methano! Transport in PMMA: The Effect of Machamcal
Deformation,” J. P. Harmon, S Lee and J. C. M. Li
Sci: Part A: Polym. Chem., Vol. 25, 3215-3229 (1987).

+Anisotropic Methanol Transport in PMMA After Mechanical
Deformation,” J. Harmon, S. Lee and J. C. M. Li, Polymer, Vol.
29, 1221-1226 (1988).

“Internal Stresses and Physical Aging," J. P. Harmon and C. L.
Beatty, Vol. 2, Engmeenng
Plastics, al A d. .

"Colored Electroscopic Toners Containing Quenched Esterified
Rhodamine Dyes,” W. T. Gruenbaum, J. P. Harmon and L. C. Roberts,
ﬁ?ltrgaag Kodak company. Rochester, NY, U. S. Patent No.

“Toners and Yellow Dye Com &mds Used Therein," D. D. Chapman
and J. P. Harmon, Eastman ak Company, Rochester, NY, U. S.
Patent No. 4,734,349,

Two patents pending (Eastman Kodak).

PRESENTATIONS

1.

2.

4.

8.

Syracuse Universny Syracusa. New York (1982), "Penetrant
Transport in Deformed J. Harmon, New York Academy of
. New York, New ork (1 980)

*Enthalpy R in P . J. Harmon, New York Academy
of Souonoo ork, New (1980)

*Alcohol Transmrl in Deformed PMMA," J. Harmon, Florida
Advanced MAterials Sooioty, Palm Coast, Florida (1987)

"Microhardness of P r composites J. Harmon, R. Crawford
and C.L. Beatty, F anced Materials Sodarly Palm Coast,
Florida (1887).

“Diffusion in Deformed Polymer Matrices,” J. Harmon,
Southeastern Section, American Chemical Soclety, Oriando,
Florida (1887).
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7.

10.

11.

12,

13.

*Study ot Anti-Corrosion Coatings for Stainless Steel,” J.
Harmon and C.L. m Southeastern Section, American Chemical
Society, Orlando, (1987).

*The Effect of Sorbed Hydrocarbons on Polymeric Foam
PRoperties,” J. Harmon, W. Williams, J. Dixon and C. L. Beatty,.
American Chemical Society, Orlando, Florida (1987). -

*Use of Deformation in Different States of Stress to Bias the
Glass Transition Temperature and Relaxation Behavior,” Y. Katz,

J. Harmon and C. L. , The Society of Rheology, Atlanta,
Georgia (1987).
iquid Tr in Anelastically Deformed Glassy Polymer,” J.

P. Harmon, S. Lee and J.C.M. Li, Polymer Processing Society,
Fourth Annual Mesting, Orlando, Florida (1988)

“Fatigue Resistant Anti-Corrosion Coatings," J. Harmon, 8.
Singleton, and C. L. Beatty, Polymer Processing Society, Fourth
Annual Meeting, Oriando, Florida (1988)

“Dynamic Mechanical Properties of PVC Plastisols: The Effects of
Cure Conditions and Plasticizer Migration,” W. Daher, C.

Garrett, J. Harmon, and C. L. Beatty, Polymer Processing Society,
Fourth Annual Meeting, Oriando, Florida (1988)

*Sorption of Liquids into Foams and Subsequent C in
Mechanical Pl'r'%rties of the Foams,” J. Harmon, D. Wingard, D.
Bennett, J. Dixon, W. Williams, and C. L. Beatty, Polymer
arggg)ssmg Society, Fourth Annual Meeting, , Florida

"Nuclear Magnetic Resonance Imaging of Fiow During Polymer
Extrusion,” T.H. Mareci, J. Harmon, and C. L. Beatty, Polymer
arggg)ssing Society, Fourth Annual Meeting, Orlando, Florida
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d d polymer ¢hem
ciotes, grodu:tn ond undergroduntes) engaged in ressarch reloted 10 new gynthetic methods to create
well phase separated multiphase polymers, conductive polymers, ond donor accepfor polymers.

x Dirsc oct peop 0 d by
minotlons « ressarch in membrones, fibers, biopolymers,
mers, and polymer decomposition.

Promoted four times during this eleven yeor period (Ressarch Deportment Heod (983.84; Membrone
Research Section Head 1982-83; Reseorch Scientist, Polymers l’?‘ﬁ&&nlor Reseorch Chemist 1975.

76) - oifered posltion os Technicotl Director of Membrona, Inc. (an O new venture in California) in
1983, o position | declined in order to anter ocademics.

From 1975 untll 1984 | did colidhorative ressarch with rofms ot MIT, Technische Universitot
Twente (Netherionds), Clemson, Virginio Tech ond Georgio Tech.

Professor of iversity of North olino tlle (197 ¢ _1984).
ven of organic ond polymer courses (two courses yeor) = three stry
department's students awarded Fubright Scholarships during my tenure there.

polymerlzotion catolysis, conductive poly-

Publications
A.S, Abh!umndl(.l.vggum o2 *Evoiution of Structure ond Properties tn o Fiber
22,%05

JOURNAL OF POLYMER $ Formaotion from ¢ Thermoplastic Polyester-Polyether

POLYMER PHYSICS EDITION, Segmented Copolymer® oire

D. A, Johnson, K. B. W adR. C. P Polysster Polysther Segmented Copolymers Stabl-

Lilly, U.S. Potent 4,322,522 (1%62). lized Against Degrodation by Utiraviclet Light vie
Copolymerization with Analogs of 2,2/6,6-Tetrome-
thy lpiperidine Derivatives”

. B. Wogener, B. W. Spivey, Jr. ond P  "Hydontoin Polyomide Polyoxyethylens Block Cepo-

5 M anpm:. Jrey c?usé Potent fymers”

D. A. Johnson and K, B. Wagener, U.S. P "Segrmented Thermaplostic Capolyssters”
Potent 4,262,114 (1980). - .

P.R C. W. Roberts and K. B, .- thesls, Photodegrodotion ond Energy Tronsfer in

w & POLYM. 5CL @ Series of Polysthylens Terephtholoteco.d\é-

1809 (1999). & Nap thalenedicarboayiate Copolymers®
PROFESSIONAL FECOGNITION

Eorty notiono) ond infernational presentations, ninetesn cbstrocted publicotions since joining foculty

oot 1951 - oty o pialiouetest, el mang oy 50 Civrity of i retorar
£ -] -@ - [

Liberal Arts & Sciences Teacher of the Yeor Finatist, 1967, o tove

Primory force In sstoblishing Chemi. Deportment Industrial Atfilictes 1987 . gstablished
the Polymer Chamistry er“leubm g:rvolepmt Aword (o Natlonol oward with Division of
Amaericon Chemicol Soclety), 1985 - winner of Enka President's A: 1980 - enly chemist and young-
st parson ever 1o receive incentive Stock Award (1150 shores), |

B.5. Chemistry/Math Minor, Clemson Unlversity, 1968 - Ph.D. Organic ond Polymer Chem! Unl.
wversity of Florido, 1973 - morrled, fwo sons - Morgaret, Port-Time Faculty, ment of
hnr.mzzwmmunmomw-nw ope 15, 100h grade

holz High School - Peter, age [2, Tth grode Fort Clarke Schoot = fwo brothers, ens 0 PhD,
chamist, the othar o minister - mother ¢ retired high schoo! feocher. 3 e
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BIOGRAPHICAL SKETCH OF Dr. A. 8. ABHIRAMAN

Professor
School of Chemical Engineering
Georgia Institute of Technology
Atlanta, GA 30332

EDUCATIONAL BACKGROUND

Degree Xear University

Ph.D. 1975 N.C. 8tate University

MS. 1972 N.C. Btate Univemnity

B.Tech. 1969 University of Madras

EMPLOYMENT HISTORY
Title Organization Xears

Professor Georgia Tech 1086-
Assoclate Professor Georgia Tech 1081-85
Asaistant Professor Georgia Tech 1979-80
Rheology Group Leader American Enka Research 1977-79
& Internal Consultant Ceanter
Senior Research Engr. American Enka Research 1074-76
& Intarnal Consultant Center '
Basic Research Assistant N.C. State University 1060-T4
Research Fellow Textile Research Inst. Summer '72

CURRENT FIELDS OF INTEREST
1. High Performance Fibers, especially Carbon/Graphite and Ceramic Fibers.
2. Thermodynamics and Kinetics of Crystallization in Polymers.
3. Principles of Fiber Formation (Rheology, Phase Transitions).
4. Porous Polymer Structures.
8. Polymer Morphology. :
6. Stochastic Aspects in Polymer Science (Relaxation, Polymerization).
PROFESSIONAL ACTIVITIES
Member, The Fiber Society, 1081 to present.
Member, ACS, 1978 to present.
Student Member, Phi Kappa Phi.
Student Member, Chemistry Honorary Soclety.
Session Chairman, Gordon Research Conference on Fiber Science, 1984 and 1986.
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AWARDS

~ The Fiber Soclety Award for Distinguished Achlevement (1087).

~ The following swards have been earned by graduate students in Dr. Abhiraman’s
group.

1. Sigma Xi Awards for Outstanding Thesis Research at Georgia Tech (3
awards in the last 4 years). '

2. Fiber Bociety Student Paper Award (1087).
3. SPE-Southern Section-Student Paper Award (1987).
CONSULTING

1. American Enka Company (Fiber Formation).

2. Exxon Enterprises {(Pitch-based Carbon Fibers).

8. Owens-Corning Fiberglass (High Performance Fibers).
4. Union Carbide (Carbon Fibers), .

5. Coats and Clark (Synthetic Sewing Thread).

8. Rhone-Poulenc, France (Fiber Formation)
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Blographics) Sketch
Name: Joe! M. Kauffman

Education:
Philadelphia College of Pharmacy & Science, B.S., Chemistry, 1958

Hassachusetts institute of Technology, Ph.D.,Organic Chemistry, 1963

Honors:
Merck Chemistry Award
Griffes Scholarships (3) for highest GPA at PCPS
Amarican Institute of Chemists Meda)
American Chemical Socliety Award
PCPS Alumni Meda!
Nations! Science Foundation Regular Fellowships (4)

Experience:

Philadelphis College of Pharmacy & Science — 1979 to present

Associste Professor of Chemistry — 1985 to present
“Assistant Professor of Chemistry — 1979-1985

Taught Generatl, Organic, and Medicinal Chemistry; research on
medicinals and nmm_mmm

Messachusetts College of Pharmacy, Boston, MA - 1977-1979
Research Associats; synthesized potential anticencer drugs

New England Nuclear Corp., Piiot Chemicels Div., Watertown, MA
Research & Development Director — 1972-1976
Senior Development Chemist — 1969-1972
Synthesized oligophenylenss ss fast-response fluors for plastic
scintilistors. Improved production methods for fluors such as
PPO, POPOP, Bis-MSB, DPS, TPBD. Formuleted the liquid
scintillator products Aqussol-2, Oxifluor-H20, Oxifluor~CO02,
Biofluor, Riafluor, Econofivor, Aquafluor, and Bray's Solution.

1.C.1./0rganics/inc., Dighton, MA — 1967-1969
Resesrch Chemist; developed symheses end processes for
plastics additives for PVC and PP.

Hassachusetts Cotlege of Pharmacy, Boston, MA = 1564~19067
Post-Doctoral Follow; synthesized potential antiredistion end
antimalaris druos under contract to the U. S. Army Medical
Corps.

Thiokol Chomlcol Co., Reaction Motors Div., Denville, NJ — 1063-1064
Research Chemist; synthesized nitrosocarborsne monomers for
nitroso rubber for low-temperasture use under DOD contract.

Publicstions (last five years):

A. N. Fletcher, D. £. Bliss, J. M. Ksuffman, “Lasing snd Fluorescent
Characteristics of Nine New Flsshiamp—Pumpable Coumarin Dyes ln Ethanol
and Ethenol:Weter®, Optics Communs. 47, 57 (1983).

Eahencement of Dys Laser Technclogy by Synthests snd Eveluation of Novel u-t-nuu Loser Dyme
el ML Kouffimen, Cham. Dept., Phila. Col. Picy, & Science



W. 0. Foye, Y. H. Kim, J. M. Ksuffman, “Synthesis and Antileukemic
Activity of 2-(2-Methyithio-2-aminovinyl)-1-methylquinolinium lodides’,
J. Pharm. Sci. 72, 1356 (1983).

Lena A. Delisser—Hatthews and Joel M. Ksuffman, *3-Arylcoumasrins
as Fluorescent Indicators®, Analyst 109, 1009-11 (1934).

Joel M. Kauffman and Joyce D. Zogott, *Drawing Chemical Structures
with the Applie Macintosh®, The Journal of Computers in fMathemastics end
Science Teaching®, Fall, 1985, 32.

Joel M. Keuffman, Charles J. Kelley, end Richard N. Steppel,
*0,0'-8ridged Oligophenylene Laser Dyes, snd Dyestuff Lasers and Methods
of Lasing Therewith®, L. 5. 4pp/. filea 18 Febd 85.

Joel M. Kauffman, “A Simple Method for the Determination of the
Oxidation States of Atoms®, J. Chem. Ed. 63, 474 (1986).

Joel! M. Keuffmsn, °Chemistry Calculations Using & Commercis!
Spreadsheet Program on & Microcomputer®, The Journal of Computers in
Mathematics and Science Teaching®, Spring, 1987, 38.

Joel M. Kauffman, C. J. Kelley, A, Ghiorghis, E. Neister, P. Prause,
L. Armstrong, °Bridged Queterphenyls as Flashiamp-Pumpable Laser
Dyes®, Laser Chemistry 7, 343 (1987).

J M. Kauffman, C. J. Kelley, A. Ghiorghis, “Potentisl High
Pulse-Energy Lasser Dyes Relsted to 4PyMPO-MePTs® Proceedings: Dye
Laser/Laser Dye Technicsl Exchange Meeting, University of New Orlsans,
LA, 20 Apr 87, U. S. Army Missile Command Spectal Report RD-DE-87-1,

. €. J. Kelley, A. Ghiorghis, J M. Kauffman, ‘Ultraviolet Laser Dyes
invade the Visible®, Proceedings: Dye Laser/Laser Dye Technical Exchange
Meeting, University of New Orlesns, LA, 20 Apr 87, U. S. Army Missile
Command Specisl Report RO-DE-87-1, S5.

Joel M. Kouffmln and James H. Bentley, “Effect of Various Anions and
Zwitterions on the Lasing Propertiss of & Photostable Cationic Laser Dye®,
Laser Chemistry, inpress.

Joel M. Kauffmen, C. J. Kelley, A. Ghiorghis, E. Neister, L.
Armstrong, “Cyclic Ether Auxofiuors on Oligophenylens Laser Dyes®, Laser
Chem., /inpress. .

. M. Kauffman, C. J. Kellsy, A. Ghiorghis, E. Neister, P. Prouse, L.
Armstrong, °Uitraviolet-Emitting Flashlamp-Pumpable Laser Dyes Dertved
from Bridged Qusterphenyls®, Proc. intl. Conl. LASERS 87, Soclety for
Optical and Quantum Electronics, Lake Tahoe, NV, 11 Dec 87, /2 press.

Endancoment of Dys Laser Tachnelogy by Synthesis snd Evalustion of Novel Red-Emitting Laser Duss .
Jos! M. KewfTman, Chem. Dust.. Piila. Col. Phecy. & Sclence
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BIBLIOGRAPHY

R.N. Stepped Private Communication
T.G. Paviopoulos et al., J. A. Chem. Soc. 96, 6568 (1974).

M.K. Bowen, Study of New Polysiloxane-based Scintillators, M.S. Thesis, University of
Florida, 1988.

M.K. Bowen, et al., IEEE. Nucl-Sci. Symp., 1988, pre-publication manuscript.

GE Silicones, "High Performance Elastomers® Technical Information. 1987. GE
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OLIGO 395 (4)

Structures of Oligophenylene Dyes
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RELATIVE LIGHT OUTPUT

Irradiation In Argon
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%}NANOPTICSMMMD

UNIVERSITY OF FLORIDA
Research & Technology Park

One Progress Boulevard, Bax 37
Alachua, Florida. 32615
Phone: 904 - 462 - 2094

Fax: 904 - 462 - 3932

Nanoptics, Inc., is a Florida corporation created in 1987 for the purpose of
commercialization of advanced nuclear radiation detector technology developed at the
University of Florida. This work at the University is supported by the Department of Energy
at over $300,000 per year. The technology has application in a broad range of advanced
nuclear detectors used in the five billion dollar Superconducting Super Collider to be built in
Texas, and other atom smashers around the world. There is also a growing need for
these detectors in other applications such as health physics, waste monitoring, nuclear
safeguards, environmental’ protection and process control. The three principal unique
attributes of the plastic scintillator technology of Nanoptics, Inc., are:

1. the extreme resistance to degradation of the plastic from massive amounts of
radiation. In this regard, the product is about one hundred times better than
previous material.

2. the plastic can be formulated to be fiexibie and easily formed to any shape
thereby eliminating expensive machining costs.

3. extreme resistance to environmentai hazards such as vapors of aromatic
compounds, acids or mechanical stress.

The technology is protected woridwide by a patent. The U.S. govemment has given
ownership of the patent, know how, and practice thereof to the University of Florida under
a provision of U.S. law. The University of Florida has negotiated an exclusive worldwide
license with Nanoptics, Inc., to practice the patent associated with this technology. In
retumn, for the exclusive licensing rights, Nanoptics, Inc., has provided the University of
Florida with a licensing fee, partial payment of patent fees and maintenance fees, part

ownership in Nanoptics, Inc., and a royalty payment on all net sales.
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Nanoptics, Inc., is financed by private funds of the founders and by the receipt of
two Small Business Innovation Research grants received from the National Science
Foundation and the Department of Energy. In addition, negotiations are proceeding to
receive venture capital funds. Nanoptics, Inc., is located at the Progress Center, One
Progress Boulevard, Alachua, Florida in the heart of the rapidly expanding University of
Florida Research and Technology Park. The same building houses the University's
Advanced Materials Research Center (AMRC) laboratory, thereby assuring ready access to
AMRC equipment and staff. The Material Science Department has an inventory of
$5,000,000 of advanced materials analysis and characterization equipment and a fully
trained technical staff.

Nanoptics, Inc., has a management, technical staff, and consultants with many years
of experience in high technology materials development, polymer chemistry and fluorescent
compounds. Dr. James K. Walker serves as the corporation's President and l'f’rincipal
Scientist. Dr. Ken Wagener serves as Chief Chemist and Dr. Julie Harmon as Chiet
Materials Scientist. The corporation has a consulting committee of distinguished scientists
from industry and several Universities. A Board of Directors is being formed at this time.

The composition of this Board will include representation from the sources of venture

capital.
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BRI

Iz Research & Developmeni

Fibar Extrusion Sysiems

7785 Ellis Rd.

West Malbourne, Florida, USA 32904
Phone: (407) 724-2370

Fax: (407) 876-7638

Telox: 469353

September 13, 1989

Dre, Julie Harmon & Jamie Walker
University of Florida
Department of Physics

21¢ willismson Hall
Gainesville, FL 32611

Subject: ni-Component Monofil
Quote 1511a

Dear Drs. Harmon & Walker:

We enjoyed your recent visit and were impressed by your novel ap-
proach to the production of optical fibers,

We have given considerable thought to the design of your bi-
component spinning machine.

Appended you will find a detailed Eguipment Description for the
equipment that we envision. Please bo aware that this design is in
an evolutionary stage and could change as more of these concepts yo
through the design process., However, we are cumfortable with this
as a good first step on which we can base a reasonable cost esti-
mate. Please read the Equipment Description carefully to ensure
that we have properly understood your needs.

PRICE

Our price for a machine exactly as described in ED 1511a

is $159,000.
This price is FOB Melbourne and is good for 98 days.

We recommend the purchase of some spare parts with this wmachine, 1In
your case, you are fairly accessible to HRD and we can support you
rather easily with commonly available parts. We suggest that you
purchase only spare parts having long delivery or inexpensive so
that you will be able to minimize downtime to have them on hand for
imnediate replacement. We have not developed a specific list of
these parts but past experience suggests that 58 of the machine
purchase price would be a reasonable allowance.
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| Drs. Harmon & Walker Page 2
Univezaity of Florida Beptember 13, 1989

S8CHEDULE OF PAYMENTS

158 with Purchase Order

25% midpoint between P.0. and shipment

358 two months before shipment

25% at shipment Net 3¢ days after the customer has veri-
fied scceptable mechsnical and electrical operation of
the machine,

DELIVERY
Normal delivery for this kind of equipment is six to eight
months., However, this is very dependent upon the workload
within HRD. Delivery dates should be confirmed at the
time of order placement,

We hope that you find this information clear and acceptable, 1If you
have any guestions, please do not hesitate to call me,

We look forward to working with you on this very interesting and
- exciting project.

Yours fait lly,

\Wm ' )
William R. Baker

Enclosure
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EQUIPMENT DESCRIPTIOR
Research Bi-Component Monofilament Spinning Machine
ED 1511A
September 1989

*« % & &

GENERAL

This document describes a synthetic fiber spinning machine designed
to carry out research into larqge diameter bi-component monofila-
nents.

This machine uses two one~inch diameter extruders and will produce
one strand of water gquenched monofilament bi-component material,
Because of the research nature of this product, we can not say what
the basic throughput limitation will be, However, each extruder
will be capable of 12 pounds per hour (based on polypropylene),
Extrusion temperatures are controllable over the range ambient up to
300 degrees C. The water quench bath is capable of handling at
least two filaments and the take-up, one filament at speeds up to
150 meters per minute. This apeed is equivalent to 15.5 pounds per
hour for a lmm diameter filament of density of 1 gm/cc, While the
winder and spin pack is designed for one single atrand, this could
easily be expanded to at least two by future changes or additions to
the spin packs, guides, and winders at nominal cost,

DETAIL
This machine will consist of:

One conventional chip hopper 0.7 cu. ft. with window, slide gate
valve, and nitrogen injection nozzle,

The hopper for the second extruder will regquire a crammer feeder
arrangensnt, While this is not yet defined, $1,9806 direct cost to
HRD is allowed in the astimate,

EXTRUDERS, Qty. (2) - 1" 24,1 with 3 HP Wertec brushless DC motors,
three heat zones but no cooling blowers, 8crew degign will be
finalized later to be appropriate for the high viscosity liquid and
flouropolymer feeds.

PUMP HEADS, Qty. (2) ~ This unit is mounted directly on the extrud-

er, It carries a mater pump on its upper surface and connects the
metered feed matsrials to » transfer line to the spin heads.



EQUIPMENT DESCRIPTION
Research Bi-Componaent Monofilament Spinning Machine

METER PUMPS & DRIVEB, Qty. {2) = Meter pump will be 2.92 cc/rev.
polymer pump. This will pump 3-15.4 pounds per hour corresponding
to 8~4F RPM and assuming a melt density of 1. Drive system will use
& 1/2 Bp variable speed motor with inverter and a 48:1 gearbox.

POLYMER TRANSFER LINE carries the molten material from the pump to
the spin head, It will be electrically heated to maintain liquiad
temperature and to protect against freezing when the polymer flow is
stopped,

BPIN HEAD - This unit carries one bottom loaded spin pack and brings
the two melt stresms together into the apin pack. It is electrical-
ly heated and is arranged to permit easy installation and removal of
the spin pack.

SPIN PACKS, Qty. (3) - These will provide filtration and proper
channeling to bring the polymers together in a sheath/core format.
Melt filtration media will be sintered metal needles of a filtration
pore size yet to be determined., The needles can be changed either
for cleaning or to change the filtration level,

Each pack will make one strand,

WATER QUENCH = The molten strand will be extruded into a water bath
placed deneath the spinneret. This bath can be rolled away for pack
changing and maintenance, It will be placed as close as practicable
beneath the apinneret, ¥or string-up, the water level will be
lowered but can be raised to the highest level practicable within
the tank for normal operation, Appropriate guides will be placed {n
the bath and the whole tank can be raised or lowered aa necded,
Piovisiona will be made for water heating, cooling, and recircula-

t on. .

DENIER CONTROL ~ Strand speed., thus, diameter,will be varied by
changing the speed of a polished denier control roll, The speed of
thia roll will be adjustable over the range 206-15¢ MpPM., The monofi-
lament will be held against the denier roll with a rubber coated cot
roll, sSurplus water can be removed with a sponge.

WINDER - Thia will be & spool~type unit which uscs a flanged tube
with about 11*" maximum diameter, 5" diameter on the core and a
traverse stroke of 8°,

FRAME - The extrusion system will be supported on a floor mounted
frame., This frame will be designed so that the spinneret face will
be at about four feet above floor level.

This is a compromise to permit spin pack changes with some minor
difficulty but places the upper water level at a reasonable height
to manipulate the strand in the water bath.

Frame constryction will be painted rectangular tubing with covers
and faceplates as appropriate,
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EQUIPMENT DESCRIPTION
Research Bi-Component Monofilament Spinning Machine

INSTRUMENTATION -~ Instruments and controls will be located in a
freestanding metal cabinet located near the extrusion frame,
Operator c¢ontrolled instruments will be mounted on the front doors
of the cablnet., Most of the power output devices are on the rear of
& doubdle sided panel and are accessible through rear opening doors,

Controls will be:

Raw Material Feed
= Cramnmer feeder on/off

Extruders (2)
« Three heat zones, temperature controllers
- Pressure controller

Pump Heads (2)

- Temperature controller

= Block temperature indicator
- Pump speed indicator

- Pump speed control

= Polymer outlet pressure

Transfer Lines (2)
= Temperature controller

Spin Head

= Temperature controller

- Block temperature indicator

- Polymer temperature indicator (2)

Water Tank {(all controls on tank)
- Tempearature controller
= Circulation pump on/off

Godet
- Speed controller
- Speed indicator

Winder (local to winder)

- Bpeed controller
- Speed indicator
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EQUIPMENT DESCRIPTION
Research Bi-Component Monofilament Spinning Machine

CONTROLS
GENERAL

- Temperature controllers will be Barber Colman 580AT or equiv-

alent,

Heat xones are powered by solid state relays.

Prassure controllers, indicators, end transducers will be

Dynisco or equivalent.

= All rotating systems are equipped with illuminated start
pushbuttons of industrial grade oil tight construction.

= Wires will be individually labeled with wraparound labels and
connection terminals will be numbered using the HRD numbering
system,

- Instruments will be calibrated in degrees centigrade, meters
per minute, pounds per squate inch and inches water gauge,
unless apecifically requeated otherwise,

- The choice of other instrument types is acceptable at the
:usto::r's option, BSome adjustment in price may be necessary

or this.

MISCELLANEDUS
Includes a roll removal fixture for HRD manufactured roll,

Includes spin pack installation tool,

This system will operate properly with 230V, 68 Hz, 3 PH input
fowar. Other voltages can be accommodated but may incur a price
ncrease.

ASSEMBLY & INSTALLATION

The machine will be fully assembled and tested in Melbourne. The
customer is invited to witness this, It will be dismantled the
necessary amount for shipment. The only installation costs to be
anticipated are moving the machine to work location, reassembly of
parts removed for shipment, and connection to electrical and water
services as needed, This is the responsibility of the customer.

IRFORMATION
Included with this machine will be three sets of electrical, assem~
bly and subassembly drawings, a Bill of Materials identifying all

components, and one copy each of all vendor data provided with major
instruments and purchased eqguipment,
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KILLION

O KILLION EXTRUDERS, INC.

Main Headquaiters:

200 Commerce Road
Cedar Grove, NJ 07009
Telephone: (207) 239-0200
Telex: 133560

O KILLION EXTRUDERS, INC.

Florida Plant:

3635 Fiscal Court

Rwviera Beach, FL 33404
Telephone: (407) 845-8660
Telex: 803407

Fax: 2012393061 Fax: 4078484837

QUOTATION NUMBER: #9-092207~7 TERMS:

@ Standard payment schedule for buill-1o-order equipment for
customers with approved credH is:
. - 1:3 With Order
TO Ju 1 10 Harmon — 1/3 Prior to Shupment
University of Florida — 1/3 Within 30 Days of Shipment
3 ® Unpaid balances over 30 days witl be charged interest at a
219 Wi '! 1 iamson Hall rale of 1.5% per month (18% per annum)
Gainsvi 1 1 e, FL 32611 & Alllirsi-time customers are requiredio establish their sahsiac-
904"'392"’8863 fory credit with us prior 10 our beginning work on an order
Creds will be extended based on acceptable pank and rade
references exiending credit equal 10 of in excess of the iniia

order with our company Letters of credit or sight dratts may
be required

PRELIMINARY QUOTATION PRICES ARE FIRM FOR 30 DAYS FROM THis paTE.  09/22/89

(1) A-B-A Coextrusion Combining Adaptor per attached
specifications and drawing $009-090

Price & 8,340

(1) 6" wide adjustable lip film die per attached
specifications and drawing #013-061, includes:

-Coat hanger design
-Alternate entry post

~Chrome plated
Price 8 3,075

(1) Adaptor and flange assemblies for Killion 1* extruder
constructed of stainless s}eel per drawing #009-001

Price s 280
Each

(1) Laboratory chill roll stand per attached specifications
and drawing #002-097. 1Includes the following features:

A. 1 HP DC drive system

B. 7v/1000 RPM tach feedback on DC drive
(+/- 1% speed regulation)

C. 8" dia. x 8" wide single shell chrome
plated chill roll

D. 5" dia. x 8" wide pull rolls

-(1) chrome plated
-(1) rubber coated
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KILLION

Quotation #9-092207-7 Univ. of Florida Page 2 of 2
E. 20 to 1 ratio gear reducer with timing belt
drive. Approximate speed range using 1 to 1
ratio belt and pulley set is 12 to 114 FPM
NOTE: Other speed ranges available
Price $11,300

NOTE: Killion offers a 10% discount off above list prices
to all qualified educational institutions.

DELIVERY DATE: Approx. 8 weeks after receipt of written
order and settlement of all pertinent details.

SHIP VIA: Best Way

F.0.B.: Cedar Grove, NJ or Riviera Beach, FL

SIGNED: : Yo
Pa ardone
Senior Sales Engineer

This quotation is offered subject 1o ail of the terms and conditions on the reverse side of fage 1.
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KILEIQEE

Laboratory
Chill Roll Stand

Kilion's iaboratory chill roll stond will produce high quality cast film using up
{0 on 8 inch film die mounted on an extruder up to 1-1/2 Inches.

This laborgrtory chill roll stand has been designed to cast a wide range of
rnaterials in film thickness nomnally ranging frorm 0005 to 010 inches whilte
maintaining tight tolerance control. s unique design offers flexibillty for o
broad range of laboratory ond quality control applications such as:
inspection for gels of fish eyes, sampies for physical properties testing, color
matching and compound of additive development.

Larger chill roll stands faathuring larger roll sizes and higher horsepower drives
ore avoilable for use with extruders from 1-1/2 10 2-1/2 inches. Alsc, any of the
units can be modified to include pay-off units and auxilary nip roli assembly

for laminating: special roli configurations or piatings and wind-up unit.

LABORATORY CHILL ROLL STAND
WITH TORQUE WINDER

SPECIFICATIONS

7 »ON Assembly

— Chill roll with 8 inch diometer by B inch face width. This single
shell roll is chrome plated, has a mimor finish, is cored forwater
cooiling and is equipped with a rotory joint.

— Two pull rolls with § inch diometer by 8 inch foce width:
& One neoprene rubber roll (6570 Durometer).

e One chrome plated roll, cored for water cocling ond
ecuipped with rotary union.

¢ Roll pressure is controlied by air cylinders. An air filter/
reguictor/lubricator unit is supplied.

Drive Syslem

— 1/2 HP DC motor.

« 20:1 reducer.

— Tirming belt between the molor and reducer.

Conirols

— SCR mdtor speod control with ON/OFF ond potentiometer,
— Al pressure regulating confrols.

— 4 way valive.

~— Al controis ore conveniently mounted on base.

Machine Conshruction

— Fabricated steel frame mounted on base plate.

— Boftom base assembly with height adjustment by means of
hand crank (1 1-1/2 inches).

= Unit mounted on four casters with locks.

— Approximate weight 600 pounds.

— Approximate dimensions 28 iInches wide by 29 inches long by
56 Inches high.

Ulliities

— Electrical hook up calls for 230 volts/1 phase/50 or 60 cycles
and approximataly 4 omps.

— 100 PSI air pressure for alr controls.

Optional Fectures

Killion's laboratory chill roll stand con be modified in a number

of ways Including:

— Wider roll wicith up 16 14 Inches.

— Pay-off sub-assembly unit with manual tension control.

- Nip roll sub-assembly unit: air pressure loaded.

— Single shaft torque winder unit, driven by 1/4 HP torque motor
with variable tension control.

— Other operating speed ranges.

— Doubie shell, spiral batfled rolls.

— Other roll platings.

— Digital PM indicator.

— Tach feedback.

Fan

. sR MORE INFORMATION - CONTACT:
KILLION EXTRUDERS, INC.

@ 56 Depot Street, Verona, New Jersey 07044 ¢ (201) 2390200, Telex: 13
B 3635 Ascal Court, Riviera Beach, Florida 33404 e (305) 845-8660, Telex: 803407,/



