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Titanates and zirconates in
thermoplastic and elastomer compounds

by S.J. Monte, Kenrich Petrochemicals

Titanate (figure 1) or zirconate coupling agents form a less than
2-nanometer monomolecular layer on the surface of any organ-
ic/inorganic. They chemically bridge nonsilane reactive fillers
such as CaCOj (figures 2 and 3), carbon black and silica, metal
oxides, etc. with polymers (figure 4). For example, an organo-
titanate nano coating on carbon black acts as a metallocene-like
catalyst on a polymer and lowers the Mooney viscosity, which
results in increased flow and increased mechanical properties.
Coupling agent liquid, powder and pellet forms, dosage, data
and applications methodology in compounding and molding
are discussed.

Benefits

Typically, when just 0.2 phrtitanate is added into a thermoplastic
polymer, molding cycle times are decreased on average by 20%
as process temperatures are reduced 10%. For example, 0.6 phr
of a pyrophosphato titanate on a 60 phr silica (HiSil 233) loaded
sulfur cured EPDM compound will drop the Mooney viscosity
from 70 to 53 while increasing the tensile strength 12%; 0.8 phr
isostearoyl titanate on 80 phr silica (Silene D) filled Hypalon
will reduce the Mooney from 56 to 36 and increase scorch time
from 16 to 23 minutes; when 2 phr of a cumyl phenyl titan-

Figure 1 - a typical (1 of 55 commercial)

titanate structure-isopropyl
tri[di{octyl)phosphato] titanate (KR 12)
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Figure 2 - SEM of CaCO; dispersed in
mineral oil without titanate

ate is added to a 50 phr loaded SBR compound, the plasticizer
level can be reduced from 10 phr to zero and have a 12% higher
ultimate elongation; both 40% CaCO; filled and unfilled PP
compounds experienced respective reductions of 35.5% and
42% in injection mold cycle time, and 22% and 11% in process
temperature, indicating a patented repolymerization (ref. 1) ca-
talysis as the primary mechanism; 17% pyrophosphato titanate
coupled conductive carbon black in LDPE provides the same
conductivity effect as 25% untreated CB.

Generally, the following are some of the benefits that are
made possible using titanate additive technology at low levels
of 0.2 to 0.6 phr of the total polymer compound:

» Parts can be molded, sometimes up to 40% faster at 10%
lower temperature.

» Mooney viscosity can be lowered by 20% or more while
improving original and aged mechanical properties.

* Higher filler loadings of carbon black (figure 5), CaCO;,
ATH, Mg(OH), (figure 6) and other flame retardants can be

Figure 3 - SEM of CaCO; dispersed in

mineral oil with 0.5 wt. % of isopropyl
triisostearoyl titanate (KR TTS)

Figure 4 - 0.5 wt. % KR TTS titanate
flexibilizes 70% 3-micron CaCOg filled
polypropylene homopolymer
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used and still process better while maintaining flexibility.

» Synergistic flame retardant effects are achieved via nano-
phosphorus intumescence.

= Plasticizer levels can be reduced without sacrificing elonga-
tion.

= Adhesion of polymers to aramids, polyamides, graphite and
fiberglass reinforcements are increased significantly.

« Long term aged properties are maintained near original.

= Foam cell structure is made finer and more uniform inde-
pendent of the type of blowing agent used (figure 7).

« Sulfur bloom can be eliminated using rubber makers sulfur.

« Qutgassing from moisture and entrapped air can be elimi-

ﬁ nated as hydrophobicity is increased.

» Incompletely molded parts and part rejects can be reduced
greatly.

« Part surface smoothness, pigmentation and paintability can
be enhanced.

+ Exfoliate nanoparticulates in the water or organic phase
(figure 8).

« Denerve rubber with just 0.2 phr titanate (figure 9) allowing
the use of stronger higher molecular weight polymers having
the processing characteristics of weaker low molecular weight
analogs.

Figure 5 - 11% carbon black filled 20 M.I.
LLDPE - no titanate (left) and 0.75 wt. %
pyrophospato titanate (right)

Figure 6 - 60% Mg(OH),, filled 20 M.l.
LLDPE - no titanate (left) and 0.7%
pyrophosphato titanate (right)

Discussion

[n 1973, the author invented an isopropoxy triisostearoy! titan-
ate for dispersion of metal oxides and other inorganics used in
rubber. This technology was first used to produce the zinc oxide
bar masterbatch called Ken-Zinc for curing Neoprene (chloro-
prene) rubber.

Dispersion with titanate can be defined as the total deag-
glomeration or exfoliation of the insoluble inorganic or organic
particulate to the attrited level of the particulate by the forma-
tion of atomic monolayers on the particulate’s interface, result-
ing in the complete displacement of water and air voids by the
organic binder phase to form a continuous inorganic/organic
matrix. Processing and properties are facilitated when complete
dispersion is achieved.

The successful application of titanate coupling agents for
better compounds depends upon understanding organometallic
chemistry and physics, and why it is different from silanes and
other additives such as lubricants, lecithin, surfactants, metal
stearates, impact modifiers, plasticizers, etc.

Old mindsets based on prior art silane and other additive
thinking can often cause misapplication of titanates and lead to
missed opportunities for molders. Titanates “work’™ when cor-

Figure 7 - NaHCO; foamed SBR - no
titanate - 15 phr (left) and 0.67 phr 75%

active NaHCO4 paste masterbatch
containing pyrophosphato titanate
in an aromatic plasticizer (right)

Nalco
15 pt&,

Figure 8 - 7% Cloisite Na* MMT nano
clayin water - 96,000 cps (left) - 5% pyro-
phosphato titanate quat - 1,400 cps (right)
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rectly applied by their six functions, as is attested to by several
biflion dollars worth of commercial finished goods, using them
in everything from cosmetics for beauty to propellants for smart
bombs. There are over 355 ACS CAS abstracted “Works by S.J.
Monte” in the literature and several are referenced (refs. 2-13).

There are 20 of the 55 commercial titanates and zirconates
that are EINECS registered for use in the EU and are referred
to necessarily by their type and alpha numeric code such as KR
TTS or KR 12 due to their complex CAS chemical names (CN)
and structures.

Six functions of the titanate/zirconate molecule
Ti or Zr coupling agents can be differentiated from silanes by a
discussion of the six functions:

Titanate

(1) (2) (3)4X5)0)

(RO-),-Ti-(-O X R Y)y

Silane
(hH (3)
(RO-)-Si-(-R™Y)
Where,

(1) Coupling fumetion (RO)n = hydrolyzable group or substrate
reactive group with surface hydroxyl or protons. Function (1)
concerns itself with filler/fiber substrate reaction mechanisms,
while functions (2) to (6) are polymer/curative reactive. Orga-
nosilanes have long been used to enhance the chemical bonding
of a variety of thermoset resins with siliceous surfaces. How-
ever, organosilanes are essentially non-functional as bonding
agents when employing CaCOs, carbon black, boron nitride,
graphite, aramid or other organic derived fibers. Plueddemann
stated (ref. 14): “.. . Surfaces that showed little or no apparent
response to silane coupling agents include calecium carbonate,
graphite and boron.”

In its simplest terms, the titanate function (1) mechanism may
be termed proton (H+) reactive via solvolysis (monoalkoxy) or
coordination (neoalkoxy) without the need of water of conden-
sation, while the silane function (1) mechanism may be termed
hydroxyl (OH-) reactive via a silanol-siloxane mechanism re-
quiring water of condensation, Since almost all three-dimen-
sional particulates and species have surface protons, titanates
are more universally reactive than silanes. Thus, carbonates,
sulfur, sulfur donors, sulphates, nitrides, nitrates, carbon, bo-
ron, metal powders, azodicarbonamide, sodium bicarbonate
and many other reinforcing or functional submicron or nano
filler/particulate/fiber used in thermoplastics, thermosets and
thermoset elastomers that do not have surface silane reactive
hydroxyl groups will Ti couple.

“Coupling” (function 1) creates a shift in the CPVC (critical
pigment concentration point) of filled liquid and solid polymer
thermoplastic and thermoset systems. A CPVC shift results in
reduced resin demand and an exponential increase in functional
pigment performance for conductance of electrons, heat, cold,
light and magnetic forces.

The coupling of the titanate to the inorganic/organic substrate
in 2-nanometer atomic monolayers allows for elimination of air
voids, hydrophobicity, and a complete continuous phase for
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stress/strain transfer, The silane’s function 1 silanol-siloxane
water of condensation mechanism limits its reactions to tem-
perature environments below 100°C, thereby eliminating the
possibility of in situ reaction in the thermoplastic or elastomer
melt above 100°C, as is possible with subject titanates.

(2) Catalysis function (Ti, Zr) = tetravalent titanium, zirconi-
um or non-catalytic silicon (Si). The Ti-O (or Zr-O) bond is ca-
pable of disassociation allowing transesterification, transalkyla-
tion and other catalysis mechanisms such as “repolymerization,”
while the Si-C bond is more stable and thus unreactive. Organic
titanates (and zirconates) are well known catalysts used in the
manufacture of polyolefins, polyesters, PBT, polyurethanes,
polycarbonates; and polysiloxanes (refs. 1, 9, 15 and 16). The
coordinate titanates are shown to improve the color and appeat-
ance during synthesis of the base polymer, such as PET and
PBT (refs. 17 and 18).

«“Catalysis” (function 2) with titanates creates new and novel
repolymerization and copolymerization of polymers, independ-
ent of thermoset crosslink mechanisms (function 5) at dosages
as little as two parts per thousand. The metallocene-like cataly-
sis analogy of “titanate/titanocene-zirconate/zirconocene™ is
claimed by the author. For example, we claimed, ... Denerve

Figure 9 - unfilled EPR off a two-roll mill
(left) - EPR denerved with 0.2 phr
phosphato titanate powder (right)

Figure 10 - 44% CoCO/LLDPE compound
without pyrophosphato titante burns to
clip after 2 min. 37.53 sec. (left) - 3%
pyrophosphato titanate extinguishes burn
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ftem Torque, Tens. Elongation Mix
Nm Sir. amps

PP - MFI 120 160°C

Control 10.2 - - 305

0.8% CAPS NZ 12/L 72 +10% +15% 240

PP - MFI 120 180°C

Control 2.9 - - -

0.8% CAPS NZ 12/L 2.7 - - -

PP-MF! 20 180°C

Control 6.1 - - 305

0.8% CAPS NZ 12/L 23 +10% +15% 240

rubber with just 0.2 phr titanate (figure 9) allowing the use of
stronger higher molecular weight polymers having the process-
ing characteristics of weaker low molecular weight analogs.”
Figure 9 used EP rubber to make the point. The propylene mer
is a common building block in non-polar thermoplastic and
thermoset elastomers. Brabender readings using 0.16 phr of a
20% active zirconate pellet masterbatch (CAPS NZ 12/L) in
unfilled PP show at 180°C a lower torque and higher mechani-
cals using a stronger (HMW) MFI 30 PP than a control using a
weaker (LMW) MFT 120 PP (table 1).

The catalysis aspect of organometallics as coupling agents
adds a new dimension of capability and properties to uncured,
uncrosslinked thermoplastics such as:

» Increased toughness (defined as the area under the plot of
stress vs. strain) of the polymer due to increased elongation per
unit length (strain) while maintaining or increasing tensile
strength (stress).

* Finer, more uniform foamed polymers because titanate-
induced increased polymer strain strength prevents polymer
bubble breakage at the elevated temperature where blow (gas
release) occurs, thereby reducing open cell formation, thus
yielding lower SG.

= Repolymerization of the macremolecule in the melt allows
regrind to be regenerated to virgin properties.

« Copolymerization in the melt improves the properties of
polymer blends such as curbside recycled plastics.

» Reduced recrystallization time and increased polymer flow
at lower temperatures resulting in faster extrusion, blow and in-
jection mold cycle times and better quality parts as measured by
strength, impact, aging, acid and salt spray resistance, appear-
ance, weld line elimination and clearance tolerances.

Aromatic (e.g., phenyl, naphthyl, styrenic) or aliphatic (e.g.,
ethyl, propyl, butyl) backbones which typically make up the
thermoplastic macromolecule, liquid chemical compounds or
thermoplastic eclastomers are functions (2) to (4) reactive with
titanate (or zirconate) independent of a function (5) curative
reaction mechanisms. Thus, the monolayered, organometal-
lic-coupled particulate and/or fiber become a catalyst support
bed for single site, in-situ, metallocene-like repolymerization
catalysis of the surrounding polymer(s).

(3) Hetero atom function (X) = binder functional groups such
as phosphato, pyrophosphato, sulfonyl, carboxyl, etc. impart
intumescence, burn rate control, anticorrosion, quaternization
sites, disassociation rate/electron transfer control, etc. The na-
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nopyrophosphato titanium may act as a sole flame retardant at
levels of 2% to 7% by weight of polymer or as a synergist on
non-FR fillers. Figure 10 shows vertical strip burn tests of com-
pounds made with 44% 3-micron CaCO; (treated without and
with 3% pyrophosphato titanate) filled LLDPE.

(4) Thermoplastic finction (R') = thermoplastic functional
groups such as aliphatic and non-polar isopropyl, butyl, octyl,
isostearoyl groups; naphthenic and mildly polar dodecylbenzyl
groups; or aromatic benzyl, cumy! phenyl groups optimize
bonding.

(5) Thermoset function (Y) = thermoset functional groups
such as acryl, methacryl, mercapto, amino, etc., increase x-link
network density.

(6) 4-n = mono, di or tri-organofunctional hybrid titanates
are possible, such as a titanate-containing 1-mole of an aliphat-
ic isostearoyl ligand (function 4) and 2-moles of acryl ligands
(function 5).

Application principles

The physics of mixing are as important as the chemistry of cou-
pling. Two principles govern the applications art of coupling
agents: uniform distribution before the polymer melt phase for
uniform coupling/catalysis and high specific energy input dur-
ing the polymer melt phase for maximum shear/work energy

Figure 11 - titanate forms: 100% active
liquid; 65% active powder; 20% active pellet

Figure 12 - 60% TiOy/mineral oil -
no titanate (left); 0.25% (left-center);
0.5% (right-center); 1.0% (right)
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for dispersion so that coupling at the filler interface and cataly-
sis in the polymer interphase are made complete. Often times,
poor mixing methodology can defeat the best polymer-filler-re-
inforcement-additive compound design. Using the right titanate
form, as shown in figure 11, is helpful.

Dosage determination and selection

Optimum dosage is determined by the materials used in the
compound and desired results, and is usually between 0.2 to
0.7% by weight of the fillers, or 0.2 to 0.6% by weight of the
polymer. A 3-data point ladder study is useful (figure 12). Cou-
pling agent selection is determined by the compound chemistry
and the end effects desired. See references for coupling agent
selection.

Conclusion

We have demonstrated herein through figures and references
some results obtained with titanates and zirconates in thermo-
plastic and elastomer
compounds  (figures
13 and 14 typical).
Claims made herein
are based on over
three decades of ex-
perience in the labora-
tory and in the field,
and documentation by
other investigators in
almost 2,000 patents
and technical papers.

Figure 13 - the Wilson
Titanium polybutadiene
golf ball

. A Staff

TITANIUM

This article was origi-
nally presented at
SPE's 10th Thermo-
plastic Elastomers

Figure 14 - the 40% FG/nylon automotive part
shown had a seven-second reduction
in cycle time and lowered process
temperatures (°C) by 11% (rear zone:
282-249; zone 1: 304-254; zone 2: 304-227;
nozzle: 310-260) using 1% of a 20%
active amino titanate pellet masterbatch
dispersed in EVA
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