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Abstract

A thermally stable neoalkoxy titanate coupling agent
[neopentyl (diallyl) oxy, tri(dioctyl)phosphato titanate] and
its zirconate analog are shown to act as a
REPOLYMERIZATION catalyst in the unfilled or filled
macromolecular melt to increase mechanical properties.

When two or more polymers are present,
COPOLYMERIZATION occurs to create a compatibilzation
effect of multi-dissimilar addition & condensation polymers.

For example, where delamination occurs in the injection
molding of HDPE parts containing more than 5% PP, blends
of PE/PP-50/50 are made compatible with titanate catalyst.

Since Ti and Zr are used as catalysts in the formation of
addition  (polyolefins) and condensation (polyesters)
polymers, the catalytic compatibilization effect will be shown
to occur in a mixture of macromolecules such as
HDPE/PP/PET. Multi-polymer compatibility obviates the
need for matching polarities such as needed with copolymer
compatibilizers and depolymerization concerns when
maleated copolymers come in contact with condensation
polymers such as PET and Nylon.

When powder or pellet masterbatches of subject
organometallics are made using Aluminum based inorganics
as the carrier, a combination metallocene-ZN catalysis effect
is obtained to optimize compatibilization.

In addition, the Neoalkoxy structure of the
organometallic catalyst allows for proton coordination
coupling with the interface of non-silane reactive inorganics
and organics such as CaCO3, Portland cement, BaSO4,
Carbon Black, and other organics such as pigments, dyes, and
cellulosics. The titanate coupling mechanism does not
require hydrolysis as with silanes wherein water of
condensation remains at the interface to create subsequent
delamination when subjected to water boil aging tests.

The combination of the SIX FUNCTION effects of
subject organometallics will be shown to achieve many of the
issues related to the sustainability goals of plastic recycling
and the more efficient use of raw materials.

Introduction

The author invented the first heteroatom titanate in 1973
and has stayed true to his original mission statement to “teach
the more efficient use of raw materials through titanium
chemistry”. The results are shown in: 31-U.S. Patents; a 340-
page Ken-React® Reference Manual (80,000 copies
distributed); several book chapters; over 450-ACS CAS
abstracted “Works by S.J. Monte”; several thousand patents

and abstracted works by others employing his invention
catalysts in applications as diverse as cosmetics, digital
copier toner, proppants for fracking; OLED’s for brighter
screens; LOVA gun propellant; and solid rocket fuel. The
latter two author’s application patents were held under U.S.
DOD Secrecy Orders for 14-years. See References.

This paper will be focused on catalysis and coupling to
achieve compatibilization and regeneration of filled and
unfilled plastics during melt processing.

Discussion

Figure 1 points to the SIX FUNCTIONS of a neopentyl
(diallyl) oxy, tri(dioctyl)phosphato zirconate and why
Function 1 COUPLING is different than silanes.

+ Neoalkoxy Heteroatom Titanates/Zirconates do not need hydrolysis,
surface hydroxyls, or pH controlas with silanes.
1 |* Water of condensation is not left on the interface as with silanes.

+ Promote adhesion via in situ proton coordination directly in the dry,
polymer melt or solvent phase. They are water insoluble.
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Figure 2 illustrates FUNCTION 1 coordination coupling of a
neoalkoxy titanate to non-silane reactive 3-micron CaCOs.

Function 1 Coupling to surface
protons of inorganic/organic pigment,
filler, fiber, polymers to disperse,
deagglomerate, exfoliate.

The filler becomes a catalyst support

bed for Function 2 Catalysis.
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Figure 3: Filled and Unfilled PP mold faster and at lower
temperatures similarly because of Function 2 Catalysis.
Eureka! Flow is not due to Function 1 Filler Coupling alone.
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Figure 4: The combination of Function 1 Coupling and
Function 2 Catalysis creates flexible compositions.

Table 2: Unfilled HDPE Mechanical Properties are also
improved due to Function 2 Catalysis.

TABLE 2 - REPOLYMERIZATION CATALYSIS
EFFECT OF NEOALKOXY TITANATE
CAPOW?® L® 12/H ON THE PROPERTIES
OF INJECTION MOLDED UNFILLED HDPE

CAPOW® . . % Notched
Coupling “:elght Tensile Elong. Flexural lzod @
Agent % of Yield @ Mcn'.lulus4 RT
Additive | Resin | Kpsi | grogy | PSIX10% 4 1 fin,
Control | 0.00 4.5 820 19 | 60 |
L12/H 0.10 4.9 910 27 6.2
L12/H 0.30 5.4 1000 24 6.7
L12/H 0.50 5.0 1000 21 7.0

No Run

Table 3: Both Addition and Condensation polymers flow
faster at lower temperatures during melt processing plant
trials of molded/extruded parts due to Function 2 Catalysis.

Function 1 Coupling and Function 2 Catalysis increase
polymer toughness as both Tensile and Elongation increase

70% 3p CaCO3/PP

0.2% LICA® 12 Titanate

Polymer
In UNFILLED Polypropylene Toughness
Elongation ' 8.3% Area under the Plot
of
Tensile ‘ 16.3% Stress vs. Strain

TABLE 3 - A SUMMARY OF THE CATALYTIC EFFECT OF VARIOUS TITANATES AND
ZIRCONATES ON THE % REDUCTION IN PROCESS TEMPERATURE AND CYCLE
TIME OF MELT PROCESSED MOLDED AND EXTRUDED PLASTIC PARTS
%a Besluetian

Flamt Mdolding Fart Coupling Cyele
Trial Palyimer Process Produieel Agent Tewmp. Titne:
I HDPE {PHILLIFS 5202} Blow Anleanolive CAPS NZ 121 86 514
2 HOPE (REGRIND 23033F) Blow Cinam NZIX 91 189

HDFE {0.%M L} Elow Coatainer CAPSLZ12L 122 92
i HDPE {Rearind 25033F) Blow Ski Board CAPSLIYE l&d 184
] HDPE {Undizchoed) Iy, Mk Crate CAPSNZ12L 102 82
8 HOPE {Drow 080541 Iy 14,928 g LICALZ 113 158
10 HDFE {[row 4052N) Iy Dinam Rim 13ig 160
n MDFE (1000 Regrindh Ex Frofide 113 41
1 LOFE (Undisclozed) Ty Bumper 15 173
14* FF iSaltex) Iy Carry B &3 87
1 PP (Himout SB-T8T) Tng Propeictary 1240 258
16 PP (8310K0) Iy, Crock Pot 12L 147 150
2 HIPS Iy Vac. Mozzle CAPSLIYVK 9% 167
21 GFPS Iy Closie CAPSLIYE 70 20
23 ABS (BW EIC 3187 Iy Computer CAPS LO/K 119 1
> ABS (33838 Regnnd) Ty Carrier Box CAPSLIYE 34 128
25 ABS (Undsclosed) Iy Printer CAPS LO/K 79 164

ABS (Rezrind) Ex. Frames 3 ] 157
i) PET (Cebimese 22012) Iy Fropawetary 34 B
k3 FET (Cel. 2002.2EK) Iy Propasctary L1 s

Table 1: Unfilled PP Mechanical Properties are improved due
to Function 2 Catalysis increasing both elongation and tensile
predicting higher impact strength and greater foamability.

TABLE 1 - REPOLYMERIZATION CATALYSIS
EFFECT OF NEOALKOXY TITANATE
CAPOW® L® 12/H ON THE PROPERTIES
OF INJECTION MOLDED UNFILLED PP

L]
g:::;,’ ?:g V\:eight Tensile EI:o/:lg. Flexural Nl:;;héd
Ag-ent Yo Uf Yield‘ @ Modulus; RT
Additive | Resin | Kpsi | g oy | PSIX0% g 1 fin
Control 0.00 4.9 120 21 0.7
L12H 0.10 5.4 127 24 0.9
L12H 0.30 5.7 142 26 1.1
L12/H 0.50 5.6 148 22 14
L12H 0.75 5.2 139 21 1.1

Figure 5 shows the super plasticizer catalytic effect of 0.2 phr
of a phosphato titanate on 1000g of Vistalon® 404 EPR
(Ethylene Propylene Rubber) sheeted off a 2-roll mill.

It’s like adding
15phr Plasticizer while
increasing both
Tensile Strength & Elongation

| Titanate Catalysis
Unfilled EPR

0.2% Titanate



Figure 6: A phosphato titanate Function 1 couples organic
AZO while Function 2 catalysis makes Unfilled PP stronger
to accept N, gas without open cell structure formation.
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Figure 7: Polyolefin Foam Stability is doubled using titanate
catalyst.
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Figure 8: Mechanical Properties are tripled.
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RDX/CAB propellants are made more powerful and safer.

Figure 9: 0.2% phosphato zirconate catalyzes 100% unfilled
HDPE Regrind to make it stronger and blow mold faster.

HDPE Regrind Using 0.2% Zirconate Catalyst as Pellet Masterbatch
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Figure 10: 0.2% phosphato zirconate added to blue liqui-
color catalyzes pigmented HDPE Virgin/Regrind blend to
make part stronger and blow mold faster at lower
temperature.
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Figure 11: 0.2 phr of a cycloheteroatom zirconate catalyst
doubles the output at 85°F lower temperature of a clear
recycled PVC extrudate while maintaining dimensions.
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Figure 12: Phosphato titanate catalyzes LDPE/PP blends to
sustain molecular weight through six extrusion cycles.

The Catalytic Effect on the Melt Index of a Blend of LDPE/PP-50/50
Subjected To Six Extruder Heat Cycles Without and With 0.3% LICA® 12
Neoalkoxy Tri Dioctyl Phosphato Titanate - A Living Catalyst

LDPE/PP - 50/50

ey || Control |
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Figure 13: Typically > 5% PP in PE creates delamination.
Phosphato titanate regenerates LDPE/PP-80/20 Regrind. In
situ catalysis allows melt screw to become a reactor.

Compatibilization of LDPE/PP - 80/20 Regrind

Neoalkoxy Tanate Catalyst:
Macromolecular Copolymerization
In an Extruder

Tianocene Catalyst:
Monomer Polymerizstion
In a Reactor
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Figure 14: PET & PC are Condensation polymers. Phosphato
titanate catalyzes Recycled PET/PC-80/20 Blend while
maintaining transparency and strength.

Recycled PET/Polycarbonate — 80/20 Blend
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Figure 15: 0.2 Titanate compatibilizes unfilled HDPE
(Addition Polymer)/Nylon (Condensation Polymer) blend.

Compatibilization of Regrind Film:
HDPE (Addition Polymer) / Nylon (Condensation Polymer)
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Figure 16 shows the effects of 0.2 phr titanate on FG/PC.
Upper half is control; Lower half has 0.2% titanate.
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Figure 17: The dispersive effect of a neopentyl (diallyl)oxy,
tridodecylbenzenesulfonyl titanate emulsified into water to
disperse Cabot XC-72R conductive carbon black without any
mechanical stirring. Carbon/organics can be coupled in situ.

“... Surfaces that
showed little or no
apparent response to

5

/ 3 include calcium
f .| carbonate, graphite
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Figure 18: Patented compatibilization of oil soaked sea water
sand/Portland cement composition made compatible with a
proprietary titanate and is predictive of the compatibilization
of all manner of inorganics and organics in recycle; and
polymer modification of Portland cement based concrete.

Figure 21: Post consumer and post industrial recycle need
compatibilizers. There are 7-classes of plastics because they
are incompatible with each other. Fillers inhibit strength.
Bipolar and maleated copolymer compatibizers have
limitations. Result, expensive sorting and cleaning is needed.
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Figure 20: Adhesion of silane sized E-Glass in ETFE
without and with a Neoalkoxy Aliphatic Amino Zirconate.
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Recycled Plastics to Reach Sustainability Goals Need Compatibilizers

1. Bipolar Copolymers: Polymers with dissimilar polarities can be made

compatible by using bipolar copolymer compatibilizers that bridge the

polarities. For example, Santoprene® TPV is a block copolymer of polar
ic styrene and non-polar aliphatic butadiene monomer.

This approach works well with known segregated streams — such as a non-
polar polyolefin with a polar polymer such as Nylon (PA) — but is of limited

value in post: r recycle streams g & multiplicity of polymers
that vary from batch to batch and within a given batch.

2. Maleated Copolymers: Bond formation between maleic anhydride-g- | ;53
polypropylene (PPg) and polyamide & rPA) by in sl‘tu block copolymer ——
formation can be called Fusion Bonding. I 1 poly can be prep
directly by pelymerization or by modification during compounding via the
reactive extrusion process. Their anhydride groups can react with amine,
epoxy and alcohol groups.

_|

The limitation of this class of additives is their specificity for the polymers to
be compatibilized. In addition, maleic anhydride depolymerizes condensation
polymers such as PET and PC, thus obviating their use in mixed streams
such as PCR containing olefins, PET and assorted other polymers.
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Figure 22: Conventional Catalysis art based on Ti, Zr & Al.

Polymerization Catalysts To Build Monomers to Polymers

Je el iein - German Karl Ziegler, for his discovery of first titanium-based
- catalysts, and Italian Giulio Natta, for using them to prepare stereo
g é regular polymers from propylene, were awarded the Nobel Prize in
a5 Chemistry in 1963.
Ziegler-Natta catalysts have been used in the commercial
s, manufacture of various polyolefins since 1956.
A

« Ziegler showed a combination of TiCl; and Al{C;H;5).C| gave
comparable activities for the production of polyethylene.

« Natta used crystalline a-TiCl; in combination with AI[C.H;); to
produce the first isotactic polypropylene.

* Kaminsky discovered that tita and related c
emulated some aspects of these Ziegler-Natta r.atdlysts but with
low activity. He subsequently found that high activity could be
achieved upon activation of these metallocenes
with methylaluminoxane (MAO]). The MAQ serves two roles: (i)
alkylation of the metallocene halide and (ii) abstraction of an
anienic ligand (chloride or methyl) to give an electrophilic catalyst
with a labile coordination site.
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Figure 23: Monte uses Ti, Zr, and Al art to create additives in
pellet/powder form to couple and catalyze in situ in the melt.

Compatibilization of Addition & Condensation Polymers — PP/PET/PE
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Monte uses Neoalkoxy Titanate in ion with Al,S10, mixed metal
catalyst in Powder & Pellet forms for FUNCTION 2 In Situ Macromolecular
Catalytic compatibilization in the melt ... AND ... The FUNCTION 1 Neoalkoxy
Titanate proton coordinates with inorganic fillers and organics to couple and
patibilize the di interfaces at the nano-atomic level thus allowing
the mixture of Addition & Condensation polymers with high levels of filler and
other organics reducing the need for sorting to make useful recycled parts.




Figure 24: 1.5% Ken-React® CAPS® KPR® 12/LV
compatibilizer pellet — melt processed at 10% lower
temperature — compatibilizes LLDPE extruded film/PP
injection molded bottle caps/PET thermoformed clam shells.

Compatibilization of Addition & Condensation Polymers - PP/PET/PE
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B - S era——

Figure 25: Reactive compounding shear needed in the melt.
A common mistake is run tests under the same conditions.

Successful Application Requires
Reactive Melt Mixing

Specific Energy Input = Lower Temps.;
Increase rpm’s; Increase Back Pressure
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Figure 26: Compatibilization of PP/PET/PP enhanced as melt
process temperature is lowered to optimize Ti/Al catalysis at
the 1.5-nanometer atomic level — 290°C better than 320°C.

Compatibilization of Addition & Condensation Polymers
=== | LOWERING THE PROCESS TEMPERATURE FOR REACTIVE
A COMPOUNDING SHEAR IS CRITICAL
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3. PETfrom lamshell food 3

LLDPE from a fractional melt film,
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Conclusion

26-Figures and 3-Tables were used to focus on catalysis
and coupling to achieve compatibilization and regeneration
of filled and unfilled plastics during melt processing so as to
achieve more efficient use of polymeric compound materials
through Ti, Zr and Al catalysis and coupling. | trust this paper
will prove useful in overcoming the many sustainability
challenges associated with recycling.

The author is notorious for showing over a hundred
slides in a half-hour presentation when the topic is expanded
to include the variants of: The SIX FUNCTIONS of titanates
and zirconates; compounding equipment and melt processing
conditions; the need for various additive forms; thermoset
catalysis effects; interaction with other additives; additive
selection; dosage considerations; sequence and methods of
addition; inorganic and organic filler coupling; filler and fiber
geometry and effect on reinforcement; chemistry at the nano-
interface compared to silanes and the silane mindset; the
concept of Critical Pigment Volume Concentration and
effects on filler thermoplastic strain properties; coupling via
hydrolysis creating water boil delamination at the fiberglass
interface; adhesion to polar and non-polar substrates;
solubility parameters in aliphatic and aromatic vehicles;
emulsification for waterbased systems; flame retardance and
hydration synergism using nano-titanium intumescence to
control burn rate and burn rate exponent; anti-corrosion;
hydrophobicity; anti-aging; conductivity; rheology; reduced
plasticizer content; endo and exothermic foaming; using bio-
based materials in compounds; and the thousands of
commercial applications developed since my first titanate
invention in 1973.

The SPE template says the author should limit the paper
to 5-pages, and is allowed 8-pages if needed. So, | am going
to fill the balance of this paper with web links and 100 of the
1,000’s of Science IP ACS CAS Search Service references
based on key words: “Ti/Zr Coupling Agents”.

Web Links and References

PCI Mag.: Why Titanates and Zirconates May be Better
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1#{%22issue_id%22:476701,%22page%22:34}
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POLYMERS-WITH-1.5-NANOMETER-TITANATES-
ZIRCONATES-IN-PELLET-FORM-NOV-2018-w.-

Cover.pdf



https://4kenrich.com/wp-content/uploads/2017/10/pci1017p48-Kenrich-FT-PCI-Oct-2017-Issue-PCI-Approved-for-Publication.pdf
https://4kenrich.com/wp-content/uploads/2017/10/pci1017p48-Kenrich-FT-PCI-Oct-2017-Issue-PCI-Approved-for-Publication.pdf
https://4kenrich.com/wp-content/uploads/2017/10/pci1017p48-Kenrich-FT-PCI-Oct-2017-Issue-PCI-Approved-for-Publication.pdf
http://digital.ipcprintservices.com/publication/?m=9911&l=1#{%22issue_id%22:476701,%22page%22:34}
http://digital.ipcprintservices.com/publication/?m=9911&l=1#{%22issue_id%22:476701,%22page%22:34}
https://4kenrich.com/wp-content/uploads/2018/02/Ken-React-KPR-Global-Plastics-Summit-2015-Chicago-Multi-SlidesTitanate-Catalyst-for-PC.pdf
https://4kenrich.com/wp-content/uploads/2018/02/Ken-React-KPR-Global-Plastics-Summit-2015-Chicago-Multi-SlidesTitanate-Catalyst-for-PC.pdf
https://4kenrich.com/wp-content/uploads/2018/02/Ken-React-KPR-Global-Plastics-Summit-2015-Chicago-Multi-SlidesTitanate-Catalyst-for-PC.pdf
https://4kenrich.com/wp-content/uploads/2018/12/PROCESSING-AND-MOLDING-POLYMERS-WITH-1.5-NANOMETER-TITANATES-ZIRCONATES-IN-PELLET-FORM-NOV-2018-w.-Cover.pdf
https://4kenrich.com/wp-content/uploads/2018/12/PROCESSING-AND-MOLDING-POLYMERS-WITH-1.5-NANOMETER-TITANATES-ZIRCONATES-IN-PELLET-FORM-NOV-2018-w.-Cover.pdf
https://4kenrich.com/wp-content/uploads/2018/12/PROCESSING-AND-MOLDING-POLYMERS-WITH-1.5-NANOMETER-TITANATES-ZIRCONATES-IN-PELLET-FORM-NOV-2018-w.-Cover.pdf
https://4kenrich.com/wp-content/uploads/2018/12/PROCESSING-AND-MOLDING-POLYMERS-WITH-1.5-NANOMETER-TITANATES-ZIRCONATES-IN-PELLET-FORM-NOV-2018-w.-Cover.pdf
https://4kenrich.com/wp-content/uploads/2018/12/PROCESSING-AND-MOLDING-POLYMERS-WITH-1.5-NANOMETER-TITANATES-ZIRCONATES-IN-PELLET-FORM-NOV-2018-w.-Cover.pdf

[1] Monte, S.J., Kenrich Petrochemicals, Inc., “Ken-React
Reference Manual — Titanate, Zirconate and Aluminate Coupling
Agents”, 3rd Rev. Edition, March 1995, 340 pgs.

[2] Monte, S.J., Sugerman, G., Kenrich Petrochemicals, Inc.,
“Repolymerization”, U.S. Patent 4,657,988, April 14, 1987.

[3] Monte, S.J. & Sugerman, G., Kenrich Petrochem., Inc.: S.M.
Gabayson & W.E. Chitwood, General Dynamics, “Enhanced
Bonding of Fiber Reinforcements to Thermoset Resins”, 33rd Int’1
SAMPE Symposium, Anaheim, CA, March 7-10, 1988.

[4] Monte, S.J. & Sugerman, G., “Alkoxy Titanates & Zirconates
as Corrosion Inhibitors in Clear Coats and Unfilled Polymers”,
Corrosion/88, NACE, St. Louis, MO, March 21-25, 1988.

[5] Monte, S.J. &Sugerman, G., “The Usage of Organometallic
Reagents as Catalysts and Adhesion Promoters in Reinforced
Composites”, 2nd Int’l Conf. on Composite Interfaces (ICCI-1I),
Case Western Reserve U., Cleveland, Ohio, June 13-17, 1988.

[6] Monte, S.J. & Sugerman, G., KPI; A. Damusis & P. Patel,
Polymer Instit., U. of Detroit, “Application of Titanate Coupling
Agent in Mineral and Glass Fiber Filled RIM Urethane Systems”,
SPI1 Urethane Div. 26th Annual Tech. Conf., Nov,1981.

[7] Monte, S.J. and Sugerman, G., KPI, “Titanate Coupling Agents
— 1985 Urethane Applications”, SP1 Urethane Division 29th
Annual Technical / Marketing Conference, October 1985.

[8] Monte, S.J. “Injection Molding with Neoalkoxy Titanates and
Zirconates”, SPE RETEC, White Haven, PA, Oct.19, 1995.

[9] Monte, S.J., “Titanium and Zirconium Esters vs. Couplers &
Single Site Catalysts for In-Situ Repolymerization &
Copolymerization Useful for Recycled Polymeric Compositions”,
ACS Rubber Div., Louisville, KY, Oct. 8-11, 1996, Paper No. 57.
[10] Monte, S.J., “Better Bonding and Metallocene-like Catalysis
Benefits for Elastomers”’, Rubber Technology In’l 96, UK & Int’l
Press, a Div. of Auto Intermediates Ltd (1996).

[11] Glaysher, W.A., Haff, D.R., Schlaubitz, H.H., and Monte, S.
J., “The Use of Organometallic Coupling Agents as Process Aids
in Blow Molded HDPE” SPE RETEC, High Performance Blow
Molding Conference, Oct. 9-10, 1990.

[12] Monte, S.J., “More Efficient Manufacture of Better Foamed,
Filled and Unfilled Polymer Compounds With Titanate and
Zirconate Coupling Agents”, Northeast Regional Rubber &
Plastics Exposition, September 21-22, 1994, Mahwah, NJ.

[13] Monte, S. — Chapter 5 — Titanates — “Functional Fillers for
Plastics”, edited by Xanthos, M., Wiley-VCH Verlag GmbH &
Co. KGaA, 2005, ISBN 3-527-31054-1.

[14] Plueddemann, Edwin P., “Silane Coupling Agents”, Pg. 114,
1982 Plenum Press.

[15] Field, R. and Cowe, P.L., “The Organic Chemistry of
Titanium”, Butterworth & Co., Washington, D.C., 1965.

[16] Korea Institute of Science and Technology, U.S. 5,237,042,
Aug. 17, 1993.

[17] Kim, C.Y., Cho, H.N., Yoo, HW.,, Kim, H.J., K.L.S.T.,
“Method for the Preparation of Polyester by Use of Composite
Catalyst”, U.S. 5,714,570 dated Feb. 3, 1998.

[18] Monte, S.J., “The use of titanates and zirconates in flame
retarded polymer compositions”, Proceedings of the Conference
on Recent Advances in Flame Retardancy of Polymeric Materials
(2005), 16, 30-43, CODEN: PCRABT, Business Communications
Co., Inc

[19] Monte, S.J. “Compounding and Molding with Neoalkoxy
Titanates and Zirconates”, Polyblends 97 SPE Div./Sect.
Conference, NRCC, Montreal, Canada, Oct. 9, 1997.

[20] Monte, S.J., “Increased Productivity of Thermoplastics Using
Organometallic Titanate and Zirconate Coupling Agents”’, SPE
ANTEC, May 1-3, 1989.

[21] Monte, S.J., “Coupling Agents Increase PVC Productivity”,
Plastics Compounding Magazine, November/December 1989.

[22] Monte, S.J., “New Opportunities in Recycled Plastics with
Neoalkoxy, Titanate and Zirconate Coupling Agents” SPE Recycle
RETEC, October 31, 1989.

[23] Monte, S.J., "More Efficient Manufacture of Better Foamed,
Filled and Unfilled Polymer Compounds With Titanate and
Zirconate Coupling Agents", Northeast Regional Rubber &
Plastics Exposition, September 21-22, 1994, Mahwah, NJ.

[24] Monte, S.J., Sugerman, G. "The Use of Organometallic
Titanates & Zirconates as Reactants and Compatabilizers in
Polymers", Compalloy '90, Mar. 9, 1990, New Orleans, LA.

[25] Monte, S.J., Kenrich Petrochemicals, Inc., “Neoalkoxy
titanate and zirconate coupling agent additives in thermoplastics”,
Polymers & Polymer Composites (2002), 10(2), 121-172;
PPOCEC; ISSN: 0967-3911, Rapra Technology Ltd.

[20] Monte, S. J., “Titanate Coupling Agents”, Chapter 5 — Pgs. 85
to 104, “Functional fillers for Plastics” edited by M. Xanthos,
2005 WILEY-VCH Verlag GmbH & Co KgaA ISBN 3-527-
31054-1, 2" Edition 2008.

[26] Voelkel, A. and Grzeskowiak, T., Poznan University of
Technology, Institute of Chemical Technology and Engineering,
“The Use of Solubility Parameters in Characterization of Titanate
Modified Silica Gel by Inverse Gas Chromatography”,
Chromatographia Vol. 51, No. 9/10, May 2000.

[27] Krysztafkiewicz, A.; Rager, B.; Jesionowski, T., Institute of
Technology and Chemical Engineering, Poznan University of
Technology, “The Effect of Surface Modification on
Physiochemical Properties of Precipitated Silica”, Journal of
Materials Science 32 (1997) 1333-1339.

[28] Yu, G., Zhang, M.Q., Zeng, H.M., “Carbon-Black-Filled
Polyolefine as a Positive Temperature Coefficient Material: Effect
of Composition, Processing, and Filler Treatment”, Journal of
Applied Polymer Science, Vol. 70, 559-566 (1998).

[29] Ogino, Masaaki, Bando Chemical Industries, Ltd.,
JP03070754 dated 19910326, “Rubber Compositions With High
Heat-Conductivity .

[30] Galanti, Andrea; Laus, Michele; Fiorini, Maurizio, CS Mixer
S.r.l., Ravenna, ltaly, “Reinforcement of SBS by organophilic clay

fillers”, Kautsch. Gummi Kunstst. (1999), 52(1), 21-25, CODEN:

KGUKAC; ISSN: 0022-9520, PB Huethig GmbH, cc 39-9
(Synthetic Elastomers and Natural Rubber).

[31] Furman, Benjamin L.; Wellinghoff, Stephen T.; Rawls, Henry
R.; Dixon, Hong; Norling, Barry K., “4 methods for
functionalizing metal oxide nanoparticles useful for transparent
composites”, US 2002013382  dated 20020131.

[32] Dou, Fan; Zhu, Hongwei; Che, Hongwei; Dou, Jinhao, Jialong
Industry Co., Ltd. (Yantai City), Peop. Rep. China “Nano-scale
transparent, conducting and film-forming coating compositions for
image tubes and display devices”, CN 1298906 dated 20010613.
[33] Takeda, Atsushi; Kokoma, Masuhiro; Kakiuchi, Kazuhiro,
“Microparticles coated with mono-dispersed oxide ultrathin films,
and cosmetics using them”, Isi Y. K., Japan, JP 2002308716 dated
20021023.

[34] Lindsay, Christopher lan, Huntsman International LLC, USA,
“Nanocomposite materials with enhanced properties,
compositions, and their preparation”’, WO 2003059817 dated
20030724.

[35] Wu, Libo; Hua, Youqing, “Polypropylene nano-composites
filled with novel co-intercalated clay”’, Depart. Polym. Sc. & Eng.,
Beijing, U. of Chem. Tech., Beijing, 100029, Peop. Rep. China,
Polymeric Materials Science and Engineering (2003), 89, 605-607;
CODEN: PMSEDG,; ISSN: 0743-0515; PB American Chem. Soc.
[36] Ichazo, M.N.; Gonzalez, J.; Albano; C.; Diaz, B.;
Departmento De Mecanica, Grupo De Polimeros, Universidad
Simon Bolivar, ANTEC 1999, “Study of the CaCOs Filled
PP/HDPE Composites Using Different Surface Modifiers”.



[37] Liu, Z. H.; Kwok, K. W.; Li, R. K. Y.; Choy, C. L., The
Hong Kong Polytechnic University, Department of Applied
Physics and Materials Research Centre, Hong Kong, Kowloon,
Hung Hom, Peop. Rep. China, “Effects of coupling agent and
morphology on the impact strength of high density
polyethylene/CaCOs composites ”, Polymer (2002), 43(8), 2501-
2506 - CODEN: POLMAG; ISSN: 0032-3861.

[38] Gonzalez, J.; Albano, C.; Ichazo, M.; Hernandez, M.;
Sciamanna, R., Departamento de Mecanica, Universidad Simon
Bolivar, Caracas, 1080A, Venez., “Analysis of thermogravimetric
data of blends of polyolefins with calcium carbonate treated with
LICA 127, Polym. Degrad. Stab. (2001), 73(2), 211-224 CODEN:
PDSTDW; ISSN: 0141-3910, Elsevier Science Ltd.

[39] Doufnoune, R.; Haddaoui, Univerité FERHAT-Abbas, Institut
de Chimie-Industrielle, Département de Génie des Polymeres
Laboratoire de Physico-Chimie des Hauts Polymeres (LPCHP),
Sétif 19000-Algére, Private Communication, February 1999,
“Correlation of the Mechanical Properties of Various
Polypropylene/CaCOs Compounds and the Effects of Coupling
Agents on the Surface of CaCOs Particles”.

[40] Sharma, Y.N.; Patel, R.D.; Dhimmar, I.H.; and Bhardwaj, I.S.;
Research Center, Indian Petrochemicals Corporation, Ltd., Baroda-
391 346, India, Journal of Applied Polymer Science, Vol. 27, 97-
104 (1982), John Wiley & Sons, Inc., “Studies of the Effect of
Titanate Coupling Agent on the Performance of Polypropylene-
Calcium Carbonate Composite”.

[41] Szijarto, K.; Kiss, P, Polymer Composites, 1986 Walter de
Gruyter & Co., Berlin-New York, “Filling of Polymers with the
Aid of Coupling Agents”.

[42] Qu, Xiong-wei; Ji, Rong-gin; Pan, Ming-wang; Zhang, Liu-
cheng, Sch. Chem. Eng. Technol., Hebei Univ. Technol., Tianjin,
300130, Peop. Rep. China, “Study on application of titanate
coupling agents in CaCO3-filled PVC composites”, Hebei Gongye
Daxue Xuebao (2001), 30(1), 84-88, CODEN: HGXUFT; ISSN:
1007-2373, Hebei Gongye Daxue Bianweihui

[43] The Instit. Sc. & Ind. Res., Osaka University, "Effects of
coupling agents on the mechanical properties improvement of the
TiO2 reinforced epoxy system", Mater. Lett.(1996), 26(6), 299-303
Coden:MLETDJ;ISSN:0167-577X.

[44] Ren, Z.; Shanks, R. A.; Rook, T. J., Department of Applied
Chemistry, RMIT, University, Melbourne, 3001, Australia,
Polymers & Polymer Composites (2002), 10(2), 173-181,
CODEN: PPOCEC; ISSN: 0967-3911, Rapra Technology Ltd.,
“Processing and properties of polypropylene composites with high
filler content”.

[45] Sousa, Rui A.; Reis, Rui L.; Cunha, Antonio M.; Bevis,
Michael J., Department of Polymer Engineering, University of
Minho, Guimaraes, 4800-058, Port., Annual Technical Conference
- Society of Plastics Engineers (2001), 59" (Vol. 3), 2550-2554
CODEN: ACPED4; ISSN: 0272-5223, “Interfacial interactions
and structure development in injection molded
HDPE/hydroxyapatite composites”.

[46] Vaz, C. M.; Reis, R. L.; Cunha, A. M., CS Department of
Polymer Engineering, University of Minho, Guimaraes, 4800-058,
Portugal, Biomaterials (2001), Volume Date 2002, 23(2), 629-635,
CODEN: BIMADU; ISSN: 0142-9612, Elsevier Science Ltd.,
“Use of coupling agents to enhance the interfacial interactions in
starch-EVOH/hydroxylapatite composites”.

[46] Horibe, Hideo; Nishiyama, Itsuo; Hiroi, Osamu; Mori, Teijiro;
Hayashi, Tatsuya; Takahashi, Chie; Murata, Shiro; Nishina,
Kenichi; Sogabe, Manabu; Ishikawa, Masahiro, US 2002137831
dated 2002-09-26, “Polymeric PTC composition and circuit
protection device made therefrom”.

[47] Kijima, Yasunori, Sony Corp., Japan, JP 09204985 dated
19970805, “Organic electroluminescent device with high

luminance and its manufacture”.

[57] Sherwin-Williams, WO 01/25349 — 4/12/2001.

[58] Monte, S.J., “Regeneration in the Melt of Recycle and
Regrind Thermoplastics Using Neoalkoxy Titanates and
Zirconates”, SPE-GPEC 2003, Feb 26-27, Detroit, M.

[59] Mitsubishi Cable Ind., US 4,769,179 - 9/6/88.

[60] Eichler, Hans-Jirgen; Palmer Michael; Herbiet, René,
ALUSUISSE MARTINSWERK GMBH, WO 00015710-14 Sept.
1999, “Surface-Modified Filling Material Composition”.

[61] Jiang, Pingkai; Wang, Genlin; Zhu, Zikang; Wu, H.; School of
Chem. and Chem. Engineering, Shanghai Jiaotong Univ., 200240,
Peop. Rep. China; Hecheng Shuzhi Ji Suliao (2001), 18(5), 35-38;
CODEN: HSSUEJ; ISSN: 1002-1396; Hecheng Shuzhi Ji Suliao
Bianjibu; “Interfacial and mechanical properties of aluminum
hydroxide highly filled polyethylene composite”.

[62] Braga, Vittorio; Goberti, Paolo; Zucchelli, Ugo; Marchini,
Roberta, Basell Technology Company Bv, Neth., WO
2001048075, EP 1155080 dated 2001-11-21, “Flame-proof
polyolefin compositions”.

[63] Chiang, Wen-Yen; Hu, Chia-Hao, Department of Chemical
Engineering, Tatung University, Taipei, 104, Taiwan, Composites,
Part A (2001), 32A(3-4), 517-524,CODEN: CASMFJ; ISSN:
1359-835X, Elsevier Science Ltd., “Approaches of interfacial
modification for flame retardant polymeric materials”.

[63] Korea Institute of Science and Technology, U.S. 5,237,042,
Aug. 17, 1993.

[64] Kim, C.Y., Cho, H.N., Yoo, H.W., Kim, H.J., Korea Institute
of Science and Technology, “Method for the Preparation of
Polyester by Use of Composite Catalyst”, U.S. 5,714,570 dated
Feb. 3, 1998.

[65] Cho, Hyun Nam; Hong, Jae Min; Ko, Young Chan; Choi, Il
Seok; Heo, Young Jin, S. Korea, US 6040417 dated 2000-03-21,
“Process for preparing polyethylene naphthalate-based polymers
by using composite catalysts comprising titanium compounds and
aromatic phosphites”

[66] Lee, Sang-Soo; Kim, Junkyung; Park, Min; Lim, Soonho;
Choe, Chul Rim, CS Polymer Hybrids Research Center, Korea
Institute of Science and Technology, Seoul, 136-791, S. Korea,
Journal of Polymer Science, Part B: Polymer Physics (2001),
39(21), 2589-2597, CODEN: JPBPEM; ISSN: 0887-6266, John
Wiley & Sons, Inc., “Transesterification reaction of the BaSO4-
filled PBT/poly(ethylene terephthalate) blend”.

[68] Donald W. Kelley, U.S. Patent 4,837,272, June 6, 1989.

[69] Monte, S.J., Sugarman, G., Kenrich Petrochemicals, Inc.,
"Repolymerization”, U.S. Patent 4,657,988 dated April 14, 1987.
[70]. Simonutti, F.M., Wilson Sporting Goods Co., Japan, “Golf
ball cores containing titanate coupling agents”, JP 10108925
dated 28 April 1998.

[71] Monte, S.J., Kenrich Petrochemicals, Inc., “Titanate and
Zirconate Coupling Agents in Foamed Polymers”, RAPRA Foams
Conference, March 13, 2001, Frankfurt, Germany.

[72] Schut, J. “Organometallic Esters Enhance Recycled PET/PC
Blends,” Plastics Formulating & Compounding, Sept./Oct., 1996.
[73] Miller, N. A.; Jones, M.S.; and Stirling, C.D., Industrial
Research Limited, “Waste Plastics/Cellulose Fibre Composites”,
Polymers & Polymer Composites, Vol.6, No. 2, 1998.

[98] Monte, S.J., Kenrich Petrochemicals, Inc., “Neoalkoxy
titanate and zirconate coupling agent additives in thermoplastics”,
Polymers & Polymer Composites (2002), 10(2), 121-172;
PPOCEC; ISSN: 0967-3911, Rapra Technology Ltd.

[99] Puyenbroek, Robert; Fishburn, James Ross, General Electric
Company, USA, EP 926201 dated 19990630, “Polyetherimide
resin compositions with good impact strength and ductility”
[100] U.S. Patent 5,659,058 dated August 19, 1997, “Thermally
Stable Antistatic Agents” — Monte, S.J.



