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Synthesis and Characterization of New Cross-linked

Poly(methyl methacrylate) and its Nanocomposites
ABSTRACT

Cross-linked polymers received great interest in various fields due to its valuable
as well as important applications. Approximately 80% of synthetic polymers for
commercial use are cross-linked. There are numerous facets that make cross-linked
polymer superior and preferred than uncross-linked polymers like the enhanced heat
performance, the outstanding mechanical properties, its chemical resistance and good
abrasion resistance. Therefore, the work presented in this thesis is mainly aimed to
synthesize a new category of cross-linked poly(methyl methacrylate) and its fabricated
nanocomposites as new precious materials in different fields of applications. The work is
divided into three parts. In the first part, the role of bi-functional amino derivatives
namely: 1,12-diaminododecane (DAD) and 4,4'-diaminobiphenyl (DABP) as cross-
linking agents on the properties of poly(methyl methacrylate) (PMMA) has been
investigated in details. Cross-linked PMMA products of variable cross-linking degree (2,
5, 10, 20, 30, 50, and 70 mass %) have been synthesized through polycondensation
technique. Moreover, theoretical thermochemical analysis of this cross-linking reaction
were investigated by Density Functional Theory (DFT) implemented in Gaussian09 Suite
and viewed by Chemcraft software. Whereas, in the second part, eco-friendly cross-
linked PMMA-multiwall carbon nanotubes (CNTs) nanocomposites with general
abbreviation (C-PMMA-CNTs;.5) have been synthesized and applied efficiently for
environmental treatment from methyl green (MG) dye. C-PMMA-CNTs;.5 were prepared
via in situ cross-linked polymerization method using DAD as the cross-linker. The C-
PMMA-CNTSs; nanocomposite showed Langmuir adsorption capacity of 6.85 mmol g*
for MG dye at 25°C. The adsorption equilibrium could be reached within 120 min. The
adsorption kinetics of MG onto C-PMMA-CNTs3z was obeyed very well pseudo-second-
order model. Enthalpy (AH®) and entropy (AS®) of adsorption were 23.15 kJ mol™ and
134.1 J mol™ K™, respectively. Moreover, the third part is mainly aimed to fabricate
another class of C-PMMA-CNTSs;.s hanocomposites by in situ cross-linking
polymerization technique by the interaction of PMMA and DABP as the cross-linking
agent. CNTs of variable loading was also introduced during the previous process. The
desired nanocomposites were employed for yttrium (Y®") sensing applications. In
addition, the obtained materials were characterized by common characterization
techniques. The desired Y** cation sensor was fabricated using glassy carbon electrode
(GCE) coating with a thin uniform layer of synthesized C-PMMA-CNTSss. The resulted
calibration curve is found linear over linear dynamic range (LDR) of 0.1 nM ~ 0.1 mM. It
is also found as reliable sensor to detect Y** ion in real environmental sample.



