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SYNTHESIS AND STRUCTURAL PROPERTIES OF AMMONIUM METAL

PHOSPHATE NH4MPO4-H20 (M=Mg, Co, Fe, Mn, Ni, Zn, Cu)

This dissertation studied the synthesis of NHsMPO4-H.O (M = Mg, Co, Fe, Mn,
Ni, Zn, Cu) powders prepared by a simple precipitation method. This work consisted
of two main parts: 1) the synthesis of NHsMPO4-H2O powders by a simple precipitation
method at room temperature using water solution, and 2) synthesis of NHsMPO4-H,0
powders by a simple precipitation route using various polymeric surfactants including
water and polymers sources of Polyvinylpyrrolidone (PVP), polyvinyl alcohol (PVA),
Sucrose and Hexadecyl trimethylammonium bromide (CTAB). The possible formation
of NHsMPO4-H20 in different surfactants was proposed based on the two processes of
nucleation and crystal growth.

In the first part, the NHsMPQO4-H20 samples prepared in water solutions were
characterized by using X-ray diffraction (XRD), field emission scanning electron
microscopy (FESEM), transmission electron microscopy (TEM), X-ray absorption
spectroscopy (XAS) and X-Ray Photoemission spectroscopy (XPS), respectively. The
magnetic properties were measured by vibrating sample magnetometer (VSM), while
the ion release properties were studied by using inductively coupled plasma optical

emission spectrometer (ICP-OES). The characterization results showed that all
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prepared samples except M = Mg had the orthorhombic structure without impurity
phase, whereas the sample with M = Mg showed monoclinic structure and hexagonal,
and this sample also had different morphology from the others. The XAS and XPS
results exhibited the oxidation states of metal atoms in the samples with M = Mg, Co,
Ni, Zn, Cu are 2+, whereas the oxidation states of the samples with M = Fe, Mn are
mixed with 2+ and 3+. All samples exhibited antiferromagnetism except M = Zn which
is diamagnetism. The results of the ion release properties revealed that all samples
released small amounts of P ions which are suitable to be used as slow-release fertilizer
or foliar fertilizer application.

In the second part, the phase formation and morphology of the NH4sMPQ4-H.0O
powders prepared with different surfactants were characterized by using XRD and
SEM, respectively. It was found that all the prepared samples had orthorhombic
structure, except for the sample with M = Zn which shows hexagonal structure. This
result indicated that the different surfactants affected to the phase formation and
morphology of the prepared samples. The XAS and XPS results confirmed that the
oxidation states of 5+ for P ion and 2+ for Mg, Co, Ni, Zn and Cu ions, whereas the
mixed oxidation state of 2+ and 3+ for Fe and Mn ions. The ion release results showed
that the prepared NHsMPO4-H>O powders released less than 15% of the ions in 24 h
implying that all samples can also be considered as slow-release fertilizer. This study
shows that simple precipitation method is a promising technique to synthesize

NH4MPOQO4-H>0O powders, which may be extended for other oxide preparation.
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