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Title Heterogeneous Polymerization Method and Their Adsorption Properties of Metal lons
(FH—EERICI DA RRARVEBERIEEDFHRRMFOERETNODRESA 1>
DREFFE)

The heterogeneous polymerization is widely applied for producing a vast amount of polymeric particles, where
emulsion and suspension polymerization are a part of such a process. As for its components, the emulsion
method enables to production oil-in-water (O/W) system, while the suspension method is possible to produce a
water-in-oil (W/O) system. Functionalization of polymers with functional desire groups, i.e., phosphonic acid
group, are useful in various fields. It is also well known that phosphonic acid-containing polymers could be
used as a good sorbent for metal ions adsorption due to their high affinity for many metal ions.

This thesis focused on the synthesis of phosphonic acid-functionalized polymeric spherical particles
through either the O/W emulsion or W/O suspension polymerization method, and adsorption study for divalent
and trivalent metal ions.

Firstly, the synthesis of phosphonic acid-functionalized on styrene and divinylbenzene nanoparticles was
successfully conducted by the O/W emulsion polymerization method. This method comprising two basic
components, they are (1) the aqueous phase (water, water-soluble initiator, and functional agent) as the
continuous phase and (2) the oil phase (monomer and crosslinker) as a droplet. FT-IR results revealed that
phosphonic acid groups were successfully grafted onto polymer main chains. SEM image showed that the
functionalized nanoparticles were uniform and spherical. In the adsorption study, there is no significantly
difference between the presence and absence of phosphonic acid functional groups on the polymer surface.
These findings were probably attributed to there are not having high enough phosphonic acid grafted onto
polymer, elemental analysis shown that less than 0.5 wt% phosphorous content on polymer particles.

Secondly, crosslinked poly(vinylphosphonic acid) particles were synthesized with varying molar ratios
of poly(ethylene glycol) diacrylate (PEGDA) as a crosslinker by W/O suspension polymerization method.
The PEGDA content was varied from 5% to 20 % molar ratio concerning VPA. In this term, the aqueous phase
(monomer, crosslinker, stabilizer, and water) as a droplet and the oil phase (silicon oil and oil-soluble initiator)
as the continuous phase. The structure and morphology of the particles were confirmed by FT-IR
spectroscopy, SEM, and optical microscope. Batch adsorption experiments were conducted to determine the
adsorption capacity of the obtained particles. As a result, the 10% molar ratio of PEGDA (PVPA-10) gave
the highest adsorption capacity than the others. The adsorption performance of Cu?*, Zn?*, La%*, Th%, and
Lu®* showed pH-dependent due to charged state of the adsorbent surface. The adsorption kinetics was well
described by either pseudo-first-order (PFO) or pseudo-second-order (PSO) kinetic model according to the
correlation coefficient (R?) values, which were enough high for both kinetic models. However, the R? value
does not guarantee the model acceptability and the criterion for choosing the suitable model does not rely
solely on R?. Therefore, to avoid the spurious conclusion, the residues resulting from a linear fit kinetic
model should be evaluated using other validation methods to exhibit how low the model error is. Assessment
results for the validation methods revealed that PFO kinetic model was more appropriate to describe the
adsorption kinetics of metal ions onto PVPA-10 particles. Furthermore, from the viewpoint of chemical
reaction, PFO kinetic model was more reasonable to explain the reaction mechanism since one metal ion is
exclusively adsorbed onto one unoccupied adsorption active site through either by ion exchange or
adsorption or by both depending on the charged state of the adsorbent surface. The adsorption isotherms
were investigated by applying Freundlich and Langmuir’s non linear model. The maximum adsorption of
Cu?*, Zn?*, La%*, Th®, and Lu®* predicted using Langmuir adsorption isotherm model to be 0.045, 0.135,
0.185, 0.097, and 0.088 mmol g1, respectively.
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