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Abstract

Lithium-ion batteries (LIBs) have been widely used in portable electronic devices
and are considered to be the most competitive power source for hybrid electric vehicles
(HEVs), plug-in hybrid electric vehicles (PHEVs) and pure electric vehicles (PEVS).
However, despite providing high-energy-density storage, LIBs have been seriously
plagued by safety issues. The safety performance of LIBs, closely related to the
performance of separator, is considered one of the most important factors in these
application fields. Currently, micro-porous membranes are mainly used as separators
for commercial LIBs due to their suitable pore size, excellent mechanical strength and
chemical stability. Nevertheless, their low dimensional stability at high temperature,
which induces internal short circuits between electrodes, results in the thermal runaway
of the batteries and eventually leads to safety issues. Furthermore, the large difference
in polarity between the non-polar polyolefin separators and the polar organic liquid
electrolytes leads to poor wettability.

The application of ceramic-coated separators has been proved to be a particularly
promising method to solve these problems. Ceramic coating layer, which is composed
of ceramic powder, plays an important role on the property of ceramic-coated separator.
As a result, the property of ceramic powder has direct effect on the ceramic coating
layer and thus influences the property of ceramic-coated separator. Plenty of scientific
research has indicated that the performance of material is closely related to its
composition, structure, morphology, particle size and other factors. Therefore, our
research focuses on two aspects: the structure and the composition of the ceramic
powder. We design and control the structure and the composition of the ceramic powder
to improve the performance of it and introduce new functions and thus we develop
functional ceramic-coated separators with multi-functional properties.

We explore the effect of organic-inorganic composite material on the ceramic-coated
separator in Chapter 3. A functional ceramic-coated separator (FCC separator) is

developed by coating core-shell structured silica-poly (methyl methacrylate) (SiO»-



PMMA) sub-microspheres on one side of a conventional porous polyethylene (PE)
separator. The separator possesses multi-functional properties of better separator
dimensional stability and higher electrolyte stability by combining the advantages of
both the ceramic-coated separator and the gel polymer electrolyte. The heat-resistant
SiO, core particles effectively protect the FCC separator from thermal shrinkage.
Meanwhile, the PMMA shells form a gel after swelling and activation by the liquid
electrolyte, which endows the FCC separator with the functional properties of the GPE
to stabilize the electrolyte. As a result, the FCC separator shows considerable
wettability for the liquid electrolyte and outstanding electrolyte retention ability at
elevated temperature.

We explore how the introduction of different components to the ceramic powder can
affect the performance of the ceramic-coated separator in Chapter 4. Boride is added
during the process of preparation of SiO> according to the Stéer method to form SiO-
containing boron (B-SiOz). A B-SiO> separator is developed by coating B-SiO> sub-
microspheres on one side of a conventional porous PE separator. The heat-resistant
SiO> core particles effectively protect the separator from thermal shrinkage. And the
liquid electrolyte wettability and ionic conductivity are also improved. The electron
deficient effect of boron interacts with the anion in electrolyte, promoting the
dissociation of lithium salt in electrolyte and thus enhances the lithium ion transference
numbers. Meanwhile, the cells assembled with such separator demonstrate better C-rate

capability.

Keywords: lithium-ion battery; ceramic-coated separator; functionalization; core-shell

structure; poly (methyl methacrylate); boron
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Fig. 1.1 Schematic diagram of the principle of lithium ion battery
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Tablel.1 The comparison of commonly used secondary batteries.
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