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Presentation Outline – Key Points
• Titanium/Aluminum coupling and catalysis applications are 

demonstrated in Advanced Mechanical Recycling.
• Ziegler, Natta & Kaminisky used Titanium and Aluminum catalysts to 

produce Addition Polymers – PP & HDPE are Addition polymers; 
• Titanate catalysts produce Condensation Polymers such as PET; 
• Heteroatom Titanates couple fillers & catalyze Polymers in the melt; 
• Monte uses Ti/Al in powder/pellet form to recycle complex multiple 

Polymer/Filler mixtures in the extruder melt or shear mixer.
• Multiple polymer & filler compatibilization is desirable in recycle art.

Copyright ©20222 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.

Advanced Solutions in Mechanical Recycling with 
1.5-Nanometer Titanate Catalysts/Coupling Agents 



Biography:
Salvatore J. Monte, President of Kenrich Petrochemicals, Inc.; Bachelor Civil Engineering-
Structures, Manhattan College; M.S.-Polymeric Materials, NYU Tandon School of Engineering; 
Member Plastics Hall of Fame 2021; BOD-The Plastics Academy; Society Plastics Engineers 
Fellow & Honored Service Member; Licensed P.E.; S&E Innovative Technologies, LLC – Principal 
Member; Plastics Industry Association Recycle Subcommittee-Compatibilizers; Board of 
Governors, Plastics Pioneers Association-MTS Newsletter Chair; 32-U.S. Patents – most recent 
US Patent 2020/0071230 A1 dated Mar. 5, 2020; Lectured Worldwide on Titanate & Zirconate 
Coupling agents; 450-American Chemical Society CAS Abstracts of published “Works by S.J. 
Monte”; Classified Top Secret for Solid Rocket Fuel and Energetic Composites Patents for the 
Insensitive Munitions Program; Lifetime member of the National Defense Industrial 
Association; Lifetime Member of the BOD-SPE ThermoPlastics Materials & Foams Division –
Annual Scholarship named: Salvatore J. Monte Thermoplastic Materials & Foams Division 
Scholarship; External Advisory Committee-UCF NanoScience Technology Center; former 
Chairman of the NYRG-ACS Rubber Division; former President of the SPE P-NJ Section; Testified 
several times before Congress on Trade and IP Protection; Business Man of the Year 2015-
Bayonne Chamber of Commerce; Federated Society Coatings Technology C. Homer Flynn Award 
for Technical Excellence; Recipient of the Albert Nelson Marquis Lifetime Achievement Award; 
Rotary Paul Harris Fellow; UA Million Miler; Member PIA, ACMA,  SPE, ACS, ACS Rubber 
Division, ASCE, AIChE, SAMPE, the GRAPHENE COUNCIL, the Vinyl Sustainability Council.



July/Aug. 2022 5-page article 
CHAMPION FOR CHANGE



Biography:
Salvatore J. Monte, President of Kenrich Petrochemicals, Inc.; Bachelor Civil Engineering-
Structures, Manhattan College; M.S.-Polymeric Materials, NYU Tandon School of Engineering; 
Member Plastics Hall of Fame 2021; BOD-The Plastics Academy; Society Plastics Engineers 
Fellow & Honored Service Member; Licensed P.E.; S&E Innovative Technologies, LLC – Principal 
Member; Plastics Industry Association Recycle Subcommittee-Compatibilizers; Board of 
Governors, Plastics Pioneers Association-MTS Newsletter Chair; 32-U.S. Patents – most recent 
US Patent 2020/0071230 A1 dated Mar. 5, 2020; Lectured Worldwide on Titanate & Zirconate 
Coupling agents; 450-American Chemical Society CAS Abstracts of published “Works by S.J. 
Monte”; Classified Top Secret for Solid Rocket Fuel and Energetic Composites Patents for the 
Insensitive Munitions Program; Lifetime member of the National Defense Industrial 
Association; Lifetime Member of the BOD-SPE ThermoPlastics Materials & Foams Division –
Annual Scholarship named: Salvatore J. Monte Thermoplastic Materials & Foams Division 
Scholarship; External Advisory Committee-UCF NanoScience Technology Center; former 
Chairman of the NYRG-ACS Rubber Division; former President of the SPE P-NJ Section; Testified 
several times before Congress on Trade and IP Protection; Business Man of the Year 2015-
Bayonne Chamber of Commerce; Federated Society Coatings Technology C. Homer Flynn Award 
for Technical Excellence; Recipient of the Albert Nelson Marquis Lifetime Achievement Award; 
Rotary Paul Harris Fellow; UA Million Miler; Member PIA, ACMA,  SPE, ACS, ACS Rubber 
Division, ASCE, AIChE, SAMPE, the GRAPHENE COUNCIL, the Vinyl Sustainability Council.

https://4kenrich.com

July/Aug. 2022 5-page article 
CHAMPION FOR CHANGE

https://4kenrich.com/wp-content/uploads/2022/08/SPE_PEMagazine_JulyAug22_SM.pdf


July/Aug. 2022 5-page article 
CHAMPION FOR  CHANGE



July/Aug. 2022 5-page article 
CHAMPION FOR  CHANGE

“Sal Monte,” Cusimano said, “what if I
told you your mission in life is to teach
people how to use raw materials more
efficiently through titanium? Does
that mean anything to you?”
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Finishing a
Marathon is hard

Being a 
Champion of Change

is harder



Three People
Per Annum

Globally
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Voting Member & Recycle Sub-Committee

SPE Fellow & Honored Service Member

PPA Board of Governors – Newsletter Chair

450- ACS CAS Abstracted Works by S.J. Monte

32-US Patents Filed Worldwide

Classified TOP SECRET for U.S. DOD IMEM Program
Plastics Hall of Fame

MAY 2, 2022
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“… - that is, if it can be 
mechanically recycled, 
then it should [be].…”



The words in the presentation title have a specific technical meaning:

“… - that is, if it can be 
mechanically recycled, then 
it should [be].…” = Extrusion



… Reactive Compounding

because we 
use an Extruder & not a Chemical Plant

Polymers are made with Ti/Al Catalysts

The words in the presentation title have a specific technical meaning:



The words in the presentation title have a specific technical meaning:

Advanced Recycling … is 
DEPOLYMERIZATION

Advanced Mechanical Recycling … is 
REPOLYMERIZATION



with Titanate Catalysts/Coupling Agents … 
INORGANIC & ORGANIC PIGMENTS, 

METAL OXIDES, METAL CARBONATES,
MINERAL FILLERS, CARBON BLACK, etc.

ARE NO LONGER
CONTAMINANTS

IN PLASTIC RECYCLE
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Monte states: Sustainability Goals such as a Circular 
Economy using Curbside Recycle in new plastic parts is 
technically not possible with current industry 
practices – unless one uses the same 
chemistry that made the polymers:

Advanced Solutions Are in Titanium & Aluminum Chemistry
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What !
You can’t
just mix

everything
together? 

Plastics #1 to #7
are incompatible
with each other
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HDPE & PP Are Incompatible
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Many Materials in Recycled Polymer 
Composites Are Incompatible
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In simple terms, 
•There’s Advanced Recycling using 
depolymerization and chemical 
techniques such as pyrolysis to 
remake virgin-like recycled 
polymers with known properties. 

RECYCLING is Complicated
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In simple terms, 
• there’s Advanced Recycling using depolymerization and 

chemical techniques such as pyrolysis to remake 
virgin-like recycled polymers with known properties. 

RECYCLING is Complicated

•There’s Mechanical Recycling that 
relies on collecting, sorting, 
separating, cleaning, and size 
reduction of Post-Consumer
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Recycle to make a feedstock that is either baled, or 
granulated for making large parts such as furniture, or 
worked off at low percentages with virgin polymers. 



In simple terms, 
• There’s Advanced Recycling using depolymerization 

and chemical techniques such as pyrolysis to remake 
virgin-like recycled polymers with known properties. 

RECYCLING is Complicated

• There’s Mechanical Recycling that relies on collecting, 
sorting, separating, cleaning, and size reduction of 
Post-Consumer Recycle to make a feedstock that is 
either baled, or granulated for making large parts such 
as furniture, or worked off at low percentages with 
virgin polymers. 

• There’s Post-Industrial Mechanical Recycling that 
relies on large supplies of known materials employing 
maleated polymers or thermoplastic copolymers for 
compatibilization. 

TPO Car Bumpers
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RECYCLING is Complicated

TPO Car Bumpers
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A PLASTICS Industry report
dated May 2015 has
a comprehensive listing
of Compatibilizers based
on Maleated Polymers &
Thermoplastic Copolymers
for Post-Industrial Recycle

https://www.plasticsindustry.org
/sites/default/files/Compatibilize
rs%20Whitepaper%20%28Vers
ion%201.0%29_0.pdf

https://www.plasticsindustry.org/sites/default/files/Compatibilizers%20Whitepaper%20%28Version%201.0%29_0.pdf


RECYCLING is Complicated

•There are many technical 
issues such as: intrinsic 
polymer incompatibility of 
addition polymers (olefins) and 
condensation (nylon, PC, PET) 
polymers; lower mechanical 
properties due to chain 
scissoring; negative impact 
property effects of uncoupled 
fillers; etc. 
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Monte offers Advanced Mechanical 
Recycling using titanium/aluminum 
chemistry of filler COUPLING and in situ 
polymer CATALYSIS in the polymer melt just 
as titanate catalysts are used to make 
Condensation polymers and the Kaminski-
Titanocene and Ziegler-Natta Ti-Al catalysts 
used in the polymerization of Addition 
polymers. 

RECYCLING is made LESS Complicated

Ti-Al pellet additive 
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RECYCLING is made LESS Complicated

The rocket science reduces to 
adding the Ti-Al pellet additive 
at 1.50% to 1.75% by weight of 
all recycle materials and adjust 
mixing conditions such as 10% 
lowering of temps. to maintain 
reactive compounding shear. 
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Synergistic with:
• Copolymer Compatibilizers
• Maleic anhydride-PP
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T-Al Catalyst Advantages
Synergistic with:
• Copolymer Compatibilizers
Use much less additive.
Less sorting.
• Maleic anhydride-PP
Does not Depolymerize PET
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GOOGLE tried to wrap its arms around it:

Google Report:  “Closing the Plastics Circularity Gap”



RECYCLING is Complicated –
GOOGLE tried to wrap its arms around it:

Google Report:  “Closing the Plastics Circularity Gap” lays out
a plan to increase plastics recovery to 58% over the next two decades:
• Mechanical (19%) 
• Chemical (20%)
• A Virgin Plastic Production Tax (13%)
• Design & Inventory Management (5%)
• Consumer Education (1%)



RECYCLING is Complicated –
GOOGLE tried to wrap its arms around it:

Google Report:  “Closing the Plastics Circularity Gap” lays out
a plan to increase plastics recovery to 58% over the next two decades:
• Mechanical (19%) 
• Chemical (20%)
• A Virgin Plastic Production Tax (13%)
• Design & Inventory Management (5%)
• Consumer Education (1%)

Monte: (19%)This Number Can Be Much Bigger!



• If Ziegler, Natta & Kaminisky used Titanium & Aluminum 
catalysts to produce Addition Polymers;

• If Titanate catalysts are used to produce 
Condensation Polymers;

• If heteroatom Titanate coupling agents 
compatibilize Fillers with Polymers;

• Why not use Titanate and Aluminum as a catalyst and 
coupling agent for compatibilizing the Fillers and 
Polymers (both Addition and Condensation) used
in the Plastic to be Recycled.

Advanced Solutions Are in Titanium & Aluminum Chemistry
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German Karl Ziegler, for his discovery of first titanium-based catalysts, and 
Italian Giulio Natta, for using them to prepare stereo regular polymers from 
propylene, were awarded the Nobel Prize in Chemistry in 1963. 

Ziegler–Natta catalysts have been used in the commercial manufacture of various 
polyolefins since 1956.

• Ziegler showed a combination of TiCl4 and Al(C2H5)2Cl useful for the 
production of polyethylene.

• Natta used crystalline α-TiCl3 in combination with Al(C2H5)3 to produce the first 
isotactic polypropylene.

• Kaminsky discovered that titanocene and related complexes emulated some 
aspects of these Ziegler-Natta catalysts but with low activity. 
He subsequently found that high activity could be achieved upon activation of 
these metallocenes with methylaluminoxane (MAO) −[O−Al(CH3)]n). 

Advanced Solutions Are in Titanium & Aluminum Chemistry
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• Monte uses Neoalkoxy Titanate in combination with Al2SIO5 mixed metal 
catalyst in Powder & Pellet forms for In Situ Macromolecular 
Repolymerization and Copolymerization in the melt – i.e. Polymer 
Compatibilization… AND … The Neoalkoxy Titanate proton coordinates with 
inorganic fillers and organic particulates to couple/compatibilize the 
dissimilar interfaces at the nano-atomic level reducing the need for 
expensive sorting of materials in Recycled Plastics.

Titanium and Aluminum Additive Chemistry
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Kamininsky Titanocene – Monte Titanate

+ Phase 
Diagram 
of 
Al2SiO5

New Titanium and Aluminum Additive Chemistry
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This
is

The
Titanium
Catalyst
Portion

Introducing Titanium & Aluminum Additive Chemistry

Titanate
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+
This

is
The

Mixed
Metal

Catalyst
Portion

Phase 
Diagram 
of 
Al2SiO5

This
is

The
Titanium
Catalyst
Portion

Introducing Titanium & Aluminum Additive Chemistry

Ti/Al Additive
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Ken-React® CAPS® 
KPR® 12/LV

39% Active Catalyst Pellet

Ken-React® CAPOW® 
KPR® 12/HV

79% Active Catalyst Powder

+ + = Ken-React® 
CAPS® 
KPR® 12/LV+

LLDPE

Ti/Al 
Additive

Ti/Al Additive Ti/Al Additive

Titanate         
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Ken-React® CAPS® 
KPR® 12/LV

39% Active Catalyst

Ken-React® CAPOW® 
KPR® 12/HV

79% Active Catalyst

+ + = Ken-React® 
CAPS® 
KPR® 12/LV+

LLDPE

Titanium/Aluminum Filler Coupling & Polymer Catalysis
Additive for Mechanical Recycling of Polymers #1 to #7

Monte uses Ti/Al in powder/pellet form to recycle PVC/Polymer compounds in the extruder melt.

Ti/Al 
Additive

Titanate     
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1961 to 2015
Products
made in

Bayonne, NJ

2015 to Now
Products
made in

Decatur &
Dayton, TN
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Pellet masterbatches of (CAPS® KPR®) neoalkoxy titanate/mixed metal catalyst 
are added at the extruder hopper like a color concentrate –

or Compounders use a (CAPOW®) powder masterbatch

+
20 M.I. LLDPE
Powderized+

Ti/Al
Additive

Pellet masterbatches of neoalkoxy titanate/mixed metal catalyst 
are added at the extruder hopper like a color concentrate –

or Compounders use a powder masterbatch
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Titanocene:
Monomer

to
Polymer

Titanate:
Recycle

to
Re-Polymer
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50-Year Evolution of Subject 
Ti-Al Nano-Technology SIX FUNCTIONS
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Function 1 –
Coupling 

Function 2 –
Catalysis

Function 3 -
Phosphatization

Function 4 –
Polarity

Function 5 –
Thermoset

Function 6 –
Hybridization

1

2

3

4

SIX FUNCTIONS
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(Y-R-X-O-)-Ti-O-
Inorganic/
Organic

Substrate

1.5-nanometer 1.5-nanometer
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Function 1 –
Coupling 



(Y-R-X-O-)-Ti-O-
Inorganic/
Organic

Substrate

1.5-nanometer 1.5-nanometer
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Function 1 –
Coupling Recycled  

Compounds
Contain A 

Mixed
Bag of

Polymers 
&

Inorganic 
and  

Organic 
Materials
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Recycled  
Compounds

Contain A 
Mixed
Bag of

Polymers 
&

Inorganic 
and  

Organic 
Materials
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Recycled  
Compounds

Contain A 
Mixed
Bag of

Polymers 
&

Inorganic 
and  

Organic 
Materials



Recycle Mix: Polymers #1 to #7 &
Fillers, Fibers, Pigments, etc.
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+ + = Ken-React® 
CAPS® 
KPR® 12/LV+

THE FILLER INTERFACE – Function 1 COUPLING
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+ + = Ken-React® 
CAPS® 
KPR® 12/LV+

THE POLYMER INTERFACE – Function 2 CATALYSIS
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(1) Couple in situ via proton coordination to all fillers, 
pigments and organics– from CaCO3 to Carbon to AZO:

THE FILLER INTERFACE
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Function 1 Coupling: NO HYDROLYSIS – NO WATER needed –
COUPLES IN THE MELT: Enables the Extruder as a Polymerization 

Reactor for Organometallic Coupling & Catalyzing Recycled Polymers 

Unlike Silanes 
– Titanates

Couple to ALL
Inorganics &
Organics in

Nano-Atomic
Monolayers

Fillers & 
Organics are 

no longer 
contaminants 
to be sorted 
out before 

recycle.
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Only 2% of 
PET Carpet
Fiber Is 
Recycled Due
To CaCO3

CaCO3 is added to the recycled PET fiber for carpet wearability/heft
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0% 100%40%20%
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0% 100%

20% to 40% Filler 
with Titanate

is not a
Contaminant.

Titanate -
3µ CaCO3

40%20%
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PET
Carpet
Fiber
Can Be
Recycled  



No Zirconate: Silane Sized E-Glass
Fiber/ETFE (Ethylene TetraFluoroEthylene) 

With Zirconate: Silane Sized E-Glass
Fiber/ETFE (Ethylene TetraFluoroEthylene) 

E-Glass Fiber/ETFE (Ethylene TetraFluoroEthylene)
ETFE (think Teflon®) is extremely non-polar
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Titanates and Zirconates – They Are Different Than Silanes
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Page 114:

“… Surfaces that showed little or no apparent 
response to silane coupling agents include
calcium carbonate, graphite, and boron.”
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CaCO3

ZnO

• 0.5% Titanate
• Disperse in M.O.
• Stir in CaCO3
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One Nanometer = 10 Carbons = C – C – C – C – C – C – C – C – C – C 



Page 114:
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“… Only slight improvement was imparted to 
asbestine, hydroxyapatite [Ca5(PO4)3(OH)],

titanium dioxide and zinc oxide.”



CaCO3

ZnO BaSO4

BaSO4
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CaCO3

TiO2 TiO2“Silanes”-Plueddemann: 
“… Only slight 

improvement was 
imparted …

titanium dioxide and zinc 
oxide.”
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55% ZnO
Dispersed
In Mineral

Oil
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55% ZnO
Dispersed
In Mineral

Oil

Attaching Isostearic Acid 
to Titanium is like 

changing light to laser
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Dispersion 
of

Metal Oxides
and 

Conductive
Particulate is 
important in 
applications 

such as 
digital copier 

toner, polymer 
magnets, 

smart 
coatings, etc.

Distribution Statement A, Approved for public release. Distribution Unlimited



ZnO filled chloroprene and natural rubber 
Faculty of Sciences and Engineering Technology, Yemen

ZnO and Metal Hydroxides as Flame Retardants
School of Chem. & Environmental Sci., Hebei U., China

ZnO Sunscreen
Kosei Co., Ltd., Japan

Cosmetic Sunscreen ZnO
L'Oreal, France

TiO2 and Transparent ZnO
Kobo Products, Inc., USA

Aluminum or ZnO Heat Conductive Composites
Foxconn Technology Co., Ltd., Taiwan

Nano Functional ZnO, Tourmaline, Alumina, 
Zirconia, Magnesium Oxide, Titania, and Maifan
Stone Filled Polyamide, PET, Polyacrylonitrile, and PU 
Diamond Polymer Science Co., Ltd., Taiwan

Titanate/Silane ZnO Treatment for Silicone
Kosei Co., Ltd., Japan

Sand-fixing agent w. hi-strength in petroleum recovery 
Petrochina Co., Ltd., Peop. Rep. China

Patented ZnO Apps



Isopropyl 
Titanium 

Triisostearate 
is the World 
Standard for 
Dispersion 

of
TiO2 and ZnO 

in Facial 
Cosmetics 

and Sun Block 
Formulations

2022:EU REACH 
Registered in 680 

Cosmetic Formulations
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L5   ANSWER 32 OF 84  CA  COPYRIGHT 2022 ACS on STN 
AN   176:403502  CA Full-text

TI   Injection molding process for high-strength 
and large-size modified PVC interior trim parts
IN   Xu, Fei
PA   Yangzhou Jiakun New Energy Co., Ltd., Peop. Rep. China
SO   Faming Zhuanli Shenqing, 6pp.
LA   Chinese
FAN.CNT 1

PATENT NO.          KIND  DATE               APPLICATION NO.         DATE
--------------- ---- -------- --------------------- --------

PI   CN 113512260         A    2021-10-19 CN 2021-10906120        20210809
PRAI CN 2021-10906120          20210809     
PSPI 

PATENT NO.          KIND  STATUS          STATUS DATE 
--------------- ---- ------------- -----------
CN 113512260         A    Alive           20211028

AB   Title PVC interior trim part comprises 100 parts of PVC resin, 10-15 parts
of lubricant (paraffin wax, calcium stearate and polyethylene wax), 1-5
parts of filler (calcium carbonate or carbon black), 1-4 parts of coupling
agent (iso-Pr triisostearoyl titanate), 30-50 parts of modifier
(polyethylene, powd. nitrile rubber and vinyl chloride-acrylonitrile
copolymer compounded in the ratio 1:1:1.5) and 2-8 parts of plasticizer
(DOS or DOTP).  Prepn. method comprises steps: (1) weighing and adding the
raw materials into mixer for high-speed mixing, then putting the mixed raw
materials into double-screw extruder for extrusion, and cutting and
granulating the extruded plastic strips; (2) drying: drying the extruded
raw material particles at 85 +/-5° for at least 30 min, and
stirring the raw materials continuously in the drying process to fully
remove water vapor in the raw materials; (3) injection molding: putting
the dried raw materials into an injection machine for heating and melting;
(4) injection machine injects the raw materials into a mold, provided with
a cooling device, and when the mold is cooled, and after a product is
formed, the mold is opened and the product is taken out.

IT 61417-49-0 
RL: MOA (Modifier or additive use); USES (Uses)

(coupling agent; injection molding process of high-strength large-size
modified PVC interior trim part)

https://chemport-n.cas.org/chemport-n/?F3CRkphGjgadSYc1hdEfULsCGggAtQcXfYhrH@zTRNg_6cIEKDx6dZ3hjWJcXyyn31h61aaGGJMW66Fwy3Vspg2vc1_QHif08c2HMFc5sk421ru6ZdxS@gs1KRdyU76k_S8Q@Fm3cTH7VhpoQvA_dM29kyjdYmcbpcmAOZtAt1


…According to 2019 VCRP data, 
Isopropyl Titanium Triisostearate is 
reported as being used in 513 cosmetic 
products (506 leave-on and 7 rinse-off 
products); half of the reported uses are in 
lipstick formulations (253).8 

…use survey conducted by the Council in 
2017 indicate that Isopropyl Titanium 
Triisostearate is used in leave-on products 
(eye shadows) and at concentrations up to 
0.3% in rinse-off products (eye make-up 
removers).9  …

FDA's Voluntary Cosmetic Registration Program (VCRP)

Copyright ©2022 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.



1973 Drawing by S. J. Monte
(46-years earlier)2019 Drawing – Fe2O3/Titanate 

Page 3
Fig. 2

Invention/Technology Evolution – 1973 to 2022
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Disperse Organic and Inorganic PigmentsThe
LIquid Coupling 
Agent
can be added 
to the liqui-color 
concentrate and 
then added 
at the hopper.

Zirconate           
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Mg(OH)2 AOM

CLAY Nano-CLAY
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A low 
dosage of 
Titanate 
added in 
situ into 

mineral oil 
followed 
by filler 
addition 
reduces 
viscosity



Mg(OH)2 AOM

CLAY Nano-CLAY
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A low 
dosage of 
Titanate 
added in 
situ into 

mineral oil 
followed 
by filler 
addition 
reduces 
viscosity

0.7% Titanate
Wollastonite



Mg(OH)2 AOM

CLAY Nano-CLAY

Copyright ©2017 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.

A low 
dosage of 
Titanate 
added in 
situ into 

mineral oil 
followed 

filler 
addition 
reduces 
viscosity

0.7% Titanate
WollastoniteMICA
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Reacts 
with 

Sustainable 
Organics 

such 
as Flax 

& 
Cellulose
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-Different Than Silanes

Silanes do not Nano-Phosphatize or Couple to Carbon



No Titanate

Titanate 
Coupling to 

XC-72 
Conductive 

Carbon 
Black in 
Water

No 
Mechanical 

Stirring

Titanate

1

2

No Titanate Titanate

3

Conductive Carbon Black in LLDPE
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RESISTIVITY OF 3.75% XC-72R CONDUCTIVE BLACK IN 
STYRENE-BUTADIENE BLOCK COPOLYMER/PS 

10mm THICK TEST SLAB 
  

Wt.% LICA 09  
Carbon Black 

Resistivity 
Surface, Ω/sq. Volume, Ω·cm 

   
Control > 1016 7.8 x 1014 

0.67 1.7 x 1012 3.0 x 1012 
1.00 2.1 x 108 4.3 x 107 
2.00 5.7 x 107 3.7 x 107 

 

XC-72 Conductive Carbon Black/ Water
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Compatibilize Oil Soaked Seawater Sand with OPC
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Compatibilize Oil Soaked Seawater Sand with OPC

Nano-Compatibilization 
Titanate = <1-pt/1,000-parts 



~ Oxide Composition Ordinary Portland Cement
Oxide Per cent content
CaO (non-silane reactive) 60.0–67.0
SiO2 17.0–25.0
Al2O3 (aluminum oxide in cement) 3.0–8.0
Fe2O3 0.5–6.0
MgO 0.1–4.0
Alkalies ( K2O, Na2O) 0.4–1.3
SO3   (non-silane reactive) 1.3–3.0

MgO
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A New 1.5-Nanometer Titanium Treated 
Portland Cement (ASTM C150 – Type I) reduces the 

cement water ratio by 31% to equivalent slump (flow).

The effects of nano-titanium organo-functionality on the Portland 
Cement interface provides a technology 

for new & novel concrete structures. 

Portland Cement
Oxide % content
CaO 60.0–67.0
SiO2 17.0–25.0
Al2O3    3.0–8.0
Fe2O3 0.5–6.0
MgO 0.1–4.0
Alkalies
( K2O, 
Na2O)    0.4–1.3 

SO3                  1.3–3.0
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A New 1.5-Nanometer Titanium Treated 
Portland Cement (ASTM C150 – Type I) reduces the 

cement water ratio by 31% to equivalent slump (flow).

The effects of nano-titanium organo-functionality on the Portland 
Cement interface provides a technology 

for new & novel concrete structures. 

Portland Cement
Oxide % content
CaO 60.0–67.0
SiO2 17.0–25.0
Al2O3    3.0–8.0
Fe2O3 0.5–6.0
MgO 0.1–4.0
Alkalies
( K2O, 
Na2O)    0.4–1.3 

SO3                  1.3–3.0
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A New 1.5-Nanometer Titanium Treated 
Portland Cement (ASTM C150 – Type I) reduces the 

cement water ratio by 31% to equivalent slump (flow).

The effects of nano-titanium organo-functionality on the 
Ultramarine Blue Pigment or Kaolin interface provides a 

technology for new & novel coatings. 

Portland Cement
Oxide % content
CaO 60.0–67.0
SiO2 17.0–25.0
Al2O3    3.0–8.0
Fe2O3 0.5–6.0
MgO 0.1–4.0
Alkalies
( K2O, 
Na2O)    0.4–1.3 

SO3                  1.3–3.0

Ultramarine
Blue
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The effects of nano-titanium organo-functionality on the 
Ultramarine Blue Pigment or Kaolin interface provides a 

technology for new & novel coatings. 

Reduced 31%
Water : Cement

Ratio

EVALUATION OF 0.35% LICA 38ENP TITANATE BY 
WEIGHT OF ULTRAMARINE BLUE PIGMENT 

(Grade 5008 - 2.14µm) IN 
TOLUENE AND MINERAL OIL

50% UB 5008
In Toluene

50% UB 5008
In Mineral Oil

Control

0.35%
EPP Titanate

Control

0.35%
EPP Titanate

In
Situ

Pre-
treat

In
Situ

Pre-
treat

80,000 25 45 150,400 16,000 1,700

Ultramarine
Blue
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+ + = Ken-React® 
CAPS® 
KPR® 12/LV+

THE POLYMER INTERFACE – Function 2 CATALYSIS

Titanate            

Copyright ©2022 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.



2

SIX FUNCTIONS

Function 2 –
Catalysis
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(2) Titanium, Zirconium & Aluminum 
Polymer Catalysis –without or with filler:
Polymer Mechanical Properties Are Increased.

Provides Nano-Titanium Technology for 
RECYCLING of Polymers #1 to #7
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Advanced Solutions in Mechanical Recycling with 
1.5-Nanometer Titanate Catalysts/Coupling Agents 



Function 2 Titanium Catalysis for Compatibilization 
of Addition & Condensation Polymers
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(2) Titanium, Zirconium & Aluminum 
Polymer Catalysis 

–without or with filler allows:

• Significant increase in unfilled polymer flow @ 0.2% additive.
• Lower polymer process temperatures from 10 to 40%.
• In situ copolymerization of dissimilar polymers #1 to #7.
• Reduce PVC plasticizer up to 18% to equal elongation.
• Reduced monomer in UV+EB coatings.
• Repolymerization: Regenerate regrind to virgin properties.
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Advanced Solutions in Mechanical Recycling with 
1.5-Nanometer Titanate Catalysts/Coupling Agents 
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Recycle Mix: Polymers #1 to #7 &
Fillers, Fibers, Pigments, etc.



Recycle Mix: Polymers #1 to #7 &
Fillers, Fibers, Pigments, etc.
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RECYCLE Technology Challenge: Incompatibility of Fillers & Polymers

Incompatibility PE & PP 

PE & PP are ADDITION POLYMERS 
PET is a CONDENSATION POLYMER

Trouble Shooting for Injection Molding Process
• Black Spots, Brown streaks.
• Blisters (Air Entrapment).
• Brittleness.
• Bubbles.
• Burn Marks, Dieseling.
• Cracking, Crazing.
• Delamination.
• Discoloration.
• Excessive Flash.
• Flow, Halo, Blush Marks.
• Gate Stringing, Drooling.
• Gels.
• Jetting.
• Material Leakage.
• Oversized Part.
• Part Sticking.
• Short Shot (Incomplete Filled Parts).
• Sink Marks.
• Splay Marks, Silver Streaks.
• Sprue Sticking.
• Surface Finish (Low Gloss).
• Surface Finish (Scars, Wrinkles).
• Undersized Part.
• Valve Pin Does Not Close.
• Voids.
• Warping, Part Distortion.
• Weld Lines.

Injection Molding Delamination
5% PP (Tupperware) in 95% 

HDPE (Milk Jug) = part reject
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• Short Shot (Incomplete Filled Parts).
• Sink Marks.
• Splay Marks, Silver Streaks.
• Sprue Sticking.
• Surface Finish (Low Gloss).
• Surface Finish (Scars, Wrinkles).
• Undersized Part.
• Valve Pin Does Not Close.
• Voids.
• Warping, Part Distortion.
• Weld Lines.

Injection Molding Delamination
5% PP (Tupperware) in 95% 

HDPE (Milk Jug) = part reject

PP & HDPE
are 

incompatible
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It ain’t so:
PP & HDPE

are 
incompatible
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Compatibilization of LDPE/PP – 80/20 Regrind Using 0.2% Titanate Catalyst 
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PP & HDPE
are 

Compatible



Compatibilization of LDPE/PP – 80/20
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CHAIN SCISSORING DURING MELT PROCESSING 
IS WHAT MAKES RECYCLE & REGRIND 

WEAKER THAN VIRGIN

Copyright ©2022 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.



Chain Scissoring Effect - 6 Heat Cycles 
on LDPE/PP – 50/50 Regrind

Without and With Titanium Catalysis

Copyright ©2020 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.

REPOLYMERIZATION of LDPE/PP – 50/50 Regrind 
Using 1% Titanate Catalyst Pellet = 2 parts per thousand Titanate 



REPOLYMERIZATION of LDPE/PP – 50/50 Regrind 
Using 1% Titanate Catalyst Pellet = 2 parts per thousand Titanate 

LDPE/PP – 50/50 
Regrind = Melt Processing = Chain Scissoring =     Melt Index 

Titanium is living catalyst thru repeat heat cycles
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You can’t
plasticize
without 

losing tensile 



Titanate Catalysis Unfilled Ethylene Propylene Rubber (EPR)

1000g off 2-roll mill 0.2% Titanate

0.2phr Titanate: It’s like adding 
15phr plasticizer to PVC while 

increasing both
Tensile Strength & Elongation
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1000g off 2-roll mill 0.2% Titanate

It’s like adding 
15phr plasticizer while 

increasing both
Tensile Strength & Elongation
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Titanium Catalysis Is How You  Increase the COR of a Golf Ball



70% 
3-micron
CaCO3
Filled

PP
Homo-

Polymer
-

No White
Stress

Cracking
Copyright ©2020 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.



CaCO3

ZnO BaSO4

70% 3-micron CaCO3 in Mineral Oil –
0.5 wt. % Titanate 

2,080,000 cps

70% 3-micron CaCO3 in PP 
Homopolymer – 0.5 wt. % Titanate

Function 2 - Catalysis
Copyright ©2020 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.

Filler Coupling and Polymer Catalysis = Compatibility

Function 1 –
Coupling 

Function 2 -
Catalysis



Function 2 -
Catalysis



Function 2 -
Catalysis



UNFILLED WB ACRYLIC / Automotive Tin Plate

Function 1 – ADHESION
Proton Coordination to metal

Function 2 – CATALYSIS
Flexibilize – 1” to ¼” Mandrel Bend

Function 3 – PHOSPHATIZE
Anti-Corrosion at the scribe

Copyright ©2020 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.



UNFILLED WB ACRYLIC Automotive Tin Plate

Function 1 – ADHESION

Function 2 – CATALYSIS

Function 3 – PHOSPHATIZE
for nano-Ti-Phosphorus
Intumescence – Flame Retardance 

Copyright ©2020 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.



PROBLEM SOLVING
RECYCLE IS A

COMPLEX
MATERIALS CHALLENGE

PROBLEM SOLVING
INSENSITIVE MUNITIONS

IS A COMPLEX
MATERIALS CHALLENGE

• Nano-Titanium Phosphatize for Flame Retardance.



Classified TOP SECRET for DOD IM Program

Held under DoD
Secrecy Orders

for 
15-years-1-month

RDX/CAB & Plastic Bound Explosives

Nano-Titanium Phosphatize for Flame Retardance

Copyright ©2021 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.

Solved The 2-Decade Problem of Unplanned Detonation 

Filed Feb. 18, 1986

Issued Mar 6, 2001



Distribution Statement A, Approved for public release. Distribution Unlimited

Control Sensitive

0.25%
LICA 12

Brittle 
Extrudate

0.50%
LICA 12

Patentable
Insensitive

0.75%
LICA 12

“ Too Inert” 



Function 1 – Dosage; Function 2 - Catalysis
Function 3 – Nano- Ti-Phosphatization

• Aluminum Powder
• (HMX)
• Cellulose Acetate Butyrate
• Bis 2,2-dinitropropyl acetate
• Bis 2,2-dinitropropyl formal
• Tri(dioctyl Phosphato) Titanate

@ 0.25 to 0.75 percent 

Distribution Statement A, Approved for public release. Distribution Unlimited

Issued Dec. 5, 1995



BACKGROUND

…Safety is the uppermost in the minds of the military when fielding such compositions.

…We have found that our composition (based on 0.5% LICA 12) is the only composition at
present, that can meet safety requirements. Various tests have shown that our composition
performs as well or even better than any experimental blasting composition known to date.
In fact our tests have shown that it performs ten percent better than the compositions of the
art.

METHOD OF MAKING PREFERRED EMBODIMENT OF THE INVENTION

Column 2, Line 18. Optionally LICA-12 may be used but not below 0.25% because it does
not have the structural integrity to be able to cut. However, again, above 0.75% the
composition is too inert.

Nano-Titanium Phosphatize for Flame Retardance

Copyright ©2021 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.



One of 32-US Patents:
“REPOLYMERIZATION”
Mechanical Properties
of 11 – Unfilled Plastics

***

6-Ti/Zr @ 4 dosages

REPOLYMERIZATION



Copyright ©2019 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.

ABS Acetal Acrylic CAB Nylon6 PC

PP HDPE PBT PPO PS

REPOLYMERIZATION
11 – Unfilled Plastics

***

6-Ti/Zr @ 4 dosages

Unfilled Plastics Data

The Extruder acts as a Polymerization Reactor for Organometallic Catalysis

Catalytic dosages:
2 to 3 pts titanate / 
1,000 pts polymer



HDPE Regrind Using 0.2% Zirconate Catalyst as Pellet Masterbatch 

Copyright ©2022 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.



HDPE Regrind Using 0.2% Zirconate Catalyst as Pellet Masterbatch 
1% Ken-React® CAPS® NZ® 12/L:
• Used 100% Regrind.
• Reduced Part Wt. from 1745g to 1500g to 

equivalent drop weight impact strength.
• Reduced Cycle Time 156 to 116 seconds.

Copyright ©2020 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.



Copyright ©2020 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.

New thinking in 
Compatibilization &

Polymer Regeneration via Ti / Zr
Coupling & Catalysis

to reduce the need & cost to sort materials so as to broaden 
Mechanical Recycling Compounding

Capability
***

PVC, PC & PA6 & other Engineering Plastics can be 
processed at much lower temperatures.



(2) Titanium, Zirconium & Aluminum 
Polymer Catalysis – without or with filler allows:
• Significant increase in unfilled polymer flow @ 0.2% additive.
• Lower process temperatures from 10 to 40%.
• In situ copolymerization of dissimilar polymers #1 to #7.
• Reduce plasticizer content up to 18% to equal elongation.
• Regenerate regrind to virgin properties.

0.2% Zirconate in recycled 
unfilled / transparent 
rigid PVC to extrude 
twice as fast as the 
control @ 24% lower temp.

Copyright ©2022 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.

Advanced Solutions in Mechanical Recycling with 
1.5-Nanometer Titanate Catalysts/Coupling Agents 



Transparent Recycled PVC Extrusion

Advanced Solutions in Mechanical Recycling with 
1.5-Nanometer Titanate Catalysts/Coupling Agents 



Transparent Recycled PVC Extrusion

The window of PVC RECYCLE processing temperatures
is made wider. 

Advanced Solutions in Mechanical Recycling with 
1.5-Nanometer Titanate Catalysts/Coupling Agents 



• Maleated 
polymer 
compatibilizers 
work on 
Addition 
Polymers but 
depolymerize 
Condensation 
Polymers.

• polymers
• Maleated 

polymers 
couple 
polymers but 
not fillers.

PC IS A CONDENSATION POLYMER
Molded @100°C lower Temp. (188°C vs. 304°C)



71-ABSTRACTS on POLYBLENDS – sjmonte@4kenrich.com
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71-ABSTRACTS on POLYBLENDS – sjmonte@4kenrich.com

KEY SEARCH WORD: “BLEND”
44 References to “PVC”



71-ABSTRACTS on POLYBLENDS – sjmonte@4kenrich.com

KEY SEARCH WORD: “BLEND”
44 References to “PVC”
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TI   Polyvinyl chloride-
polycarbonate alloy with good 
weathering resistance and 
antistatic property
PA   Yin, Peihua, Peop. Rep. China
SO   Faming Zhuanli Shenqing, 4pp.
LA   Chinese
FAN.CNT 1

PATENT NO.          KIND  DATE        APPLICATION NO.         DATE
--------------- ---- -------- --------------------- --------

PI   CN 104861378         A    20150826    CN 2014-10847633        20141229
PRAI CN 2014-10847633          20141229     

AB The present invention provides polyvinyl 
chloride (PVC)-polycarbonate alloy with 
good weathering resistance and 
antistatic property, comprising the 
following components by mass 
percentages: PVC 45-55, polycarbonate 
20-25, SMA 2-4, ACR 3-6, attapulgite 2-8, melamine cyanurate 4-7, 
dioctyl phthalate 3-6, antistatic agent 1-3, UV absorber 1-2, calcium-
zinc composite stabilizer 0.1-1, pentaerythritol stearate 0.5-1, and 
antioxidant 1010 0.1-0.5.  The described PVC has average d.p. of 800-
1,200, and weight average mol. weight of 50,000-120,000.

IT   61417-49-0, KR TTS
RL: MOA (Modifier or additive use); USES (Uses)

(polyvinyl chloride-polycarbonate alloy with good weathering 
resistance and antistatic property)

PVC temperatures range from: 
500°F (260°C) to 212°F (100°C);
PC temperatures reduced from:
580°F (304°C) to 370°F (188°C);

PVC 45-55, polycarbonate 20-25

KR TTS: the same titanate
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AB The present invention provides polyvinyl 
chloride (PVC)-polycarbonate alloy with 
good weathering resistance and 
antistatic property, comprising the 
following components by mass 
percentages: PVC 45-55, polycarbonate 
20-25, SMA 2-4, ACR 3-6, attapulgite 2-8, melamine cyanurate 4-7, 
dioctyl phthalate 3-6, antistatic agent 1-3, UV absorber 1-2, calcium-
zinc composite stabilizer 0.1-1, pentaerythritol stearate 0.5-1, and 
antioxidant 1010 0.1-0.5.  The described PVC has average d.p. of 800-
1,200, and weight average mol. weight of 50,000-120,000.

IT   61417-49-0, KR TTS
RL: MOA (Modifier or additive use); USES (Uses)

(polyvinyl chloride-polycarbonate alloy with good weathering 
resistance and antistatic property)

PVC temperatures range from: 
500°F (260°C) to 212°F (100°C);
PC temperatures reduced from:
580°F (304°C) to 370°F (188°C);

KR TTS: the same titanate

PVC 45-55, polycarbonate 20-25
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TI   Flame-retardant anti-aging polyvinyl chloride-
polyethylene blended composite plastic
PA   Yin, Peihua, Peop. Rep. China
SO   Faming Zhuanli Shenqing, 5pp.
LA   Chinese
FAN.CNT 1

PATENT NO.          KIND  DATE        APPLICATION NO.         DATE
--------------- ---- -------- --------------------- --------

PI   CN 104861353         A    20150826    CN 2014-10838685        20141230
PRAI CN 2014-10838685          20141230     
AB The title composite plastic comprises (by mass%): PVC 35-50, polyethylene 20-25, GMA-St-AN 2-4, SEBS 4-6, ACR 2-4, nano aluminum hydroxide 3-

8, melamine cyanurate 4-7, zinc borate 1-4, light stabilizer 622 1-2, light stabilizer 944 1-2, dioctyl phthalate 5-8, calcium-zinc composite 

stabilizer 0.5-1.5, calcium stearate 0.5-1, iso-Pr triisostearoyl titanate 0.1-0.5, and antioxidant 1010 0.1-0.5.  The 
invention combines the resp. original advantages 
of PVC and polyethylene, and has excellent flame 
retardancy, anti-aging property, thermal stability 
and processability, and good mech. strength.

IT   61417-49-0, Iso-propyl triisostearoyl titanate, KR TTS
RL: MOA (Modifier or additive use); USES (Uses)

(flame-retardant anti-aging polyvinyl chloride-polyethylene blended
composite plastic)

Copyright ©2021 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.

INVENTED IN 1973
INVENTED IN 2014
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Extruded@ 180ºC using 
0.3% CAPOW® L®12/H Titanate Catalyst     

vs. 280ºC without the Additivee additive
+

Copyright ©2020 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.

Compatibilizing Recycled PET/PC – 80/20 Blend 
Using 0.3% CAPOW® Titanate Catalyst – 100°C lower Temp.

Copolymerization of Two Dissimilar Condensation Polymers

+



Regrind: Compatibilizing HDPE / Nylon Film 
Using 0.2% Titanate Catalyst 

No Titanate 0.2% Titanate

Copyright ©2020 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.

HDPE – Addition 
Polymer

+ NYLON – Condensation 
Polymer +



Compatibilization of Addition & Condensation Polymers

Incompatibility PP & PET & PE

+ + = Ken-React® 
CAPS® 
KPR® 12/LV+

LLDPE

There are THREE Types of Compatibilizers:
1. Bi-Polar Thermoplastics: Links two dissimilar 

polymers. Works for PIR.
2. Maleated PP  /Polymers:
• Couples Addition polymers. 
• Does not couple fillers.
• Often, depolymerizes Condensation polymers.
3.  Ti/Zr Coupling/Catalyst: Synergistic with 1. & 2. 
Catalyzes all polymers/Couples all inorganic & 
organic fillers, pigments, additives, etc.

Ti/Al
Catalyst
Additive

Copyright ©2022 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.



Compatibilization of Addition & Condensation Polymers

Incompatibility PP & PET & PE

+ + = Ken-React® 
CAPS® 
KPR® 12/LV+

LLDPE

The effect of 1.5% Ken-React® CAPS® KPR® 12/LV on 
Brabender melt compounded PP/PET/PE Recycle Plastics 
@ 9% lower temperatures. Larger batches later extruded.

Materials obtained from post-industrial waste 
streams:
1. LLDPE is an Addition polymer.
2. PP is an Addition polymer.
3. PET is a Condensation polymer. 

Ti/Al
Catalyst
Additive
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Compatibilization of Addition & Condensation Polymers

Incompatibility PP & PET & PE

+ + = Ken-React® 
CAPS® 
KPR® 12/LV+

LLDPE

The effect of 1.5% Ken-React® CAPS® KPR® 12/LV on 
Brabender melt compounded PP/PET/PE Recycle Plastics 
@ 9% lower temperatures. Larger batches later extruded.

Materials obtained from post-industrial waste 
streams:
1. LLDPE from a fractional melt film, 
2. PP Copolymer from mixed 20-35 MFI injection 

molded caps,
3. PET from thermoformed clamshell food 

packaging. 

Ti/Al
Catalyst
Additive
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Compatibilization of Addition & Condensation Polymers

Incompatibility PP & PET & PE

+ + = Ken-React® 
CAPS® 
KPR® 12/LV+

LLDPE

The effect of 1.5% Ken-React® CAPS® KPR® 12/LV on 
Brabender melt compounded PP/PET/PE Recycle Plastics 
@ 9% lower temperatures. Larger batches later extruded.

Materials obtained from post-industrial waste 
streams:
1. LLDPE from a fractional melt film, 
2. PP Copolymer from mixed 20-35 MFI injection 

molded caps,
3. PET from thermoformed clamshell food 

packaging. 

Material ground into 1/4 – 1/2” flakes and melt 
compounded into pellets for IM using a 30:1 L/D - 20 mm 

single screw extruder.

Polymer Specialties 
International Ltd.
175 Deerfield Road,
Newmarket, Ontario, L3Y 2L8
Cell: (905) 717-3723
E-mail: bryon.wolff@psi-cda.com

University of Waterloo 
Chemical Engineering 
Department.
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Compatibilization of Addition & Condensation Polymers

Ti/Al Catalyst Additive    
Copyright ©2022 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.



Compatibilization of 
Addition/Condensation 
Polymers & Fillers –
Lower Temps.

The PHYSICS of 
MIXING is critical to
proper use of KPR®

Titanium and 
Aluminum Additive 

Chemistry
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Compatibilization of 
Addition/Condensation 
Polymers – Lower 
Temps.

The PHYSICS of 
MIXING is critical to
proper use of KPR®

Titanium and 
Aluminum Additive 

Chemistry
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Compatibilization of Addition & Condensation Polymers
LOWERING THE PROCESS TEMPERATURE FOR 
REACTIVE COMPOUNDING SHEAR IS CRITICAL 

In your opinion, does the 10% drop in temperature from 
320°F to 290°F indicate clearly the importance of reactive 
compounding shear? 

The surface of the extrudate exiting the die became 
significantly smoother. Upon further analysis with SEM and Izod, 
it was clear that the increasing the shear dramatically improved 
the dispersion and physical properties of the compound.

From: Bryon Wolff [mailto:bryon.wolff@psi-cda.com] 
To: Salvatore J. Monte sjmonte@4kenrich.com
Subject: Re: 2015 Global Plastics Summitand Information

Good afternoon Sal
Below I’ve written a response to each of your questions. Should you require additional information etc. 
please don’t hesitate to come back to me.
Best Regards

Bryon Wolff
Chief Technology Officer

Polymer Specialties International Ltd.
175 Deerfield Road,
Newmarket, Ontario, L3Y 2L8
Cell: (905) 717-3723
E-mail: bryon.wolff@psi-cda.com

University of Waterloo 
Chemical Engineering Dept. 

Copyright ©2022 Kenrich Petrochemicals, Inc.®. All rights reserved. The Kenrich molecule, Kenrich® name, and all Kenrich Petrochemicals, Inc.'s® products denoted with a ® or ™ are trademarks of Kenrich Petrochemicals, Inc. ®.
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SEM 
Injection Molded

Compatibilization of Addition & Condensation Polymers
LOWERING THE PROCESS TEMPERATURE FOR 
REACTIVE COMPOUNDING SHEAR IS CRITICAL 

320°C

300°C

290°C

320°C

300°C

290°C
1. LLDPE from a fractional melt film, 
2. PP Copolymer from mixed 20-35 MFI injection molded caps,
3. PET from thermoformed clamshell food packaging. 

Materials obtained from post-industrial waste streams:
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We have shown In Situ Macromolecule Titanate/Al Coupling 
& Catalysis is a significant strategic approach to reach 
Advanced Mechanical Recycling sustainability goals.

CONCLUSION

Ti/Al Catalyst Additive    
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