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Polyolefins present numerous applications and have a large market share among
polymeric materials. However, because polyolefins are thermoplastics with low melt
viscosity, their service temperature is low. Therefore, researchers should focus on modifying
polyolefins to increase their thermal stability and promote their use at high temperatures.
Crosslinking, which is broadly used for modifying polymeric materials, involves the
formation of tridimensional structures and gels and causes significant changes in material
properties. Silane water-crosslinking has been increasingly used in the polymer industry
owing to the energy saving, low cost, and high productivity of the crosslinking method. The
silane water-crosslinking method is based on the traditional silica sol-gel chemistry. In the
absence of catalysts, water-crosslinking reactions in polyolefin system are slow. Therefore,
catalysts should be used for the hydrolysis and condensation reactions to shorten curing time
and promote formation of fully crosslinked materials. Organotin compounds (OTCs) act as
catalysts to accelerate water-crosslinking of silane-grafted polyolefins. However, owing to
their potential noxious effects for humans, OTCs have already been banned in several
countries. Consequently, researchers worldwide have focused their attention on developing
alternative, non-toxic, and environmentally benign catalysts to replace noxious Sn-based
compounds. In past decades, although several attempts have been made to replace with the
more environmentally benign Lewis acid and base catalysts, the reaction rates and polymer
molecular weights achieved using these catalysts have been inferior to those achieved using
OTCs as catalysts. Therefore, to date, the industrial “golden standard™ catalysts for silane
water-crosslinking are OTCs.

The selection of the catalytic active centers and design of the building blocks by
themselves are insufficient for improving the performance of water-crosslinking catalysts;

they should be combined for developing high-efficiency catalysts. Detailed studies on the
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effects of the building blocks on the performance of water-crosslinking catalysts have not
been performed to date even though they could provide crucial insight into designing
complex and efficient catalytic systems.

The aim of this thesis is the finding out crucial insight into designing complex
and efficient catalytic systems. In this regards, in this thesis, I describe in detail the effects of
ligand structure on the performance of copper(Il) p-diketonate (Cu(II)(BDiK)2) complex
catalysts (Chapter 3) and those of substituents on the activity of organophosphorus catalysts
(Chapter 4). The findings in both Chapter 3 and Chapter 4 will lead to new concepts for
tailor-made catalyst design for desired water-crosslinking reaction in polymer industry.
Moreover, we report newly designed bifunctional water-crosslinking catalysts comprising
Lewis acid and Lewis base catalysts (Chapter 5). If the acid-base bifunctional catalyst can
work in the water-crosslinking reaction, it opens the door to a new guideline of a rational
design for the silane water-crosslinking catalysis.

Chapter 3 describes the catalytic properties of the newly synthesized
Cu(ID(BDiK)2 complex catalysts for the water-crosslinking reaction of the
3-methacryloxypropyltrimehoxysilane—grafted ethylene—propylene copolymer
(EPR-g-MTMS). Moreover, owing to their strong electron-withdrawing properties,
curcuminoids can form Cu(IT)(BDiK)2 complexes that are more stable than those of other
B-diketone (BDiK) ligands. Our results revealed that the Cu(IT)(BDiK)> complexes presented
good catalytic activity for the water-crosslinking reaction in the EPR-g-MTMS system, and
the catalytic performance of the Cu(II)(BDiK). complexes depended significantly on their
stability. Furthermore, our results indicated that the catalytic behavior of the Cu(II)(BDiK)»
complexes can be finely controlled by changing the electron-withdrawing/donating
properties of the fDiK ligands.

Chapter 4 focuses on effects of substituents on the catalytic performance of
organophosphorus compounds as Lewis base catalysts for the water-crosslinking reaction in
the EPR-g-MTMS system. The catalyst, which presented a highly nucleophilic phosphoryl
(P=0) moiety, promoted the silane water-crosslinking reaction in this system. The use of an
electron-withdrawing substituent improved the Lewis basicity of the P=0 moieties.
Consequently, the use of phosphoryl compounds as catalysts can expand the scope of the

metal-free water-crosslinking reaction in silane-grafted polyolefin systems and lead to the
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development of new advanced and environmentally friendly materials for industrial use.

Chapter 5 describes a new concept of acid—base hybrid catalysts for the
water-crosslinking reaction of alkoxysilane-grafted polyolefin systems. Hybrid catalysts
were synthesized using M(IT)(acac). complexes and RNH> compounds as the Lewis acid and
Lewis base catalysts, respectively. The hybrid RNH,-M(II)(acac), complexes served as
efficient crosslinking catalysts for the hydrolysis and condensation of EPR-g-MTMS.
Moreover, the catalytic activity of the RNH>—M(II)(acac)> complexes for the hydrolysis and
condensation reactions depended on the type of RNH> compounds axially coordinated with
the M(II)(acac), complexes and central metal ions of the RNH,—M(II)(acac), complexes,
respectively. Unlike the two-component acid and base co-catalyst systems, the
RNH>-M(II)(acac)> complexes presented two types of catalytic active sites within the same
molecule. We believe that the newly proposed mechanism using acid—base hybrid catalysts
can be used to further develop tunable silane water-crosslinkable polyolefins for various
applications.

In summary, three catalytic systems for the water-crosslinking reaction of
silane-grafted polyolefins were developed, and the factors contributing to the remarkable
catalytic performance of each system were identified. I consistently demonstrated that the
catalytic performance of Lewis acid and base catalysts could be finely controlled by
judiciously selecting the coordinate ligands and substituents, and developed more efficient
crosslinking catalysts than the previously reported catalytic system. Furthermore, I
concluded that it was possible to achieve the greater efficiency in catalyst design by the
holistic approach including advanced collaboration of experimental and computational
studies. Although the details of catalytic mechanism requires further investigation, we
anticipate that these findings will lead to new concepts for the further design of crosslinking

catalyst for the silane water-crosslinking reaction in polymer system.
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