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Abstract

Abstract

Water is essential to human survival and development, but with the development
of society and the accelerated process of industrialization, the large-scale and
unreasonable emission of industrial waste water causes enormous harm to the
environment. The extensive use of heavy metals such as chromium and arsenic has
serious impact on the surrounding flora and fauna as well as human life and health. In
recent years, nano iron materials especially nanoscale zero-valent iron have received
much attention in environmental remediation, due to its high reactivity and the
diversity of pollutants it can handle. However, iron nanoparticles are usually unstable
and can easily oxidize in the practical application. And the modification technologies
would often increase the synthesis costs. In view of the above problems, this study
employs plant-mediated method to prepare iron nanoparticles. The entire preparation
process is simple and green, and no extra reagents and modifiers are needed. The
obtained iron nanoparticles were characterized, and its performances on Cr(VI) and
As(V) removal in aqueous solution were investigated.

15 common plant leaves in Fujian Province were selected to prepare plant extract,
then reacted with ferric chloride for the synthesis of iron nanoparticles (Fe NPs). By
analyzing content variation of the four main active ingredients (sugar, polyphenols,
flavonoids, and protein) in plant extracts before and after the synthesis. And further be
associated with the reducing ability of the extracts, hereby to determine which active
ingredient plays the key role during the plant-mediated preparation of Fe NPs. The
results indicated that polyphenols were the most critical active ingredient, and thereby
screened out the Syzygium jambos (L.) Alston (SJA) as the good candidate for the
green synthesis of Fe NPs among the 15 kinds of plant extracts. Characterizations
such as UV-Vis, TEM, XRD, XPS and other techniques showed that the obtained Fe
NPs by SJA (SJA-Fe NPs) were amorphous spherical particles with average size of

about 15 nm. The migration performance of SJA-Fe NPs was investigated by quartz



Abstract

sand column, with two sizes of quartz sand filled in and water as the mobile phase.
The penetration rates of SJA-Fe NPs in horizontal and vertical directions were above
50%, and the presence of humic acid and sodium chloride would not inhibit migration
performance of SJA-Fe NPs.

The SJA-Fe NPs were applied in the removal of Cr(VI) in aqueous solution and
parameters such as the iron dosage, initial Cr(\V1) concentration, temperature and pH
for Cr(VI) removal were investigated. The obtained appropriate conditions were: 0.5
mL SJA-Fe NPs for the treatment of Cr(VI) solution with initial concentration of 50
mg/L, pH 5.5 without adjustment and room temperature. Under this condition, Cr(VI)
removal capacity of SJA-Fe NPs is 983.2 mg Cr(VI1)/g Fe. In addition, the influence
of coexisting substances on Cr(VI) removal was studied. Cr(VI) removal by SJA-Fe
NPs is less influenced by most coexisting substances, the presence of ionic strength,
humic acid, and cations would not affect the Cr(VI1) removal, only particular anions
could suppress Cr(VI) removal. This process followed pseudo-second-order Kinetic
model, and based on the XPS analysis together with the content changes of Fe, Cr
during the reaction, we concluded that the Cr(VI) removal by SJA-Fe NPs included
three steps: adsorption, reduction and co-precipitation.

The SJA-Fe NPs then were applied in As(V) removal in aqueous solution, and
the effect of pH, temperature, coexisting anions on As(V) removal were investigated.
The pH of 4 and low temperature is favorable for As(V) removal. Moreover, HPO4*
could strongly inhibit the adsorption of As(V) on SJA-Fe NPs among the anions
investigated. As(V) adsorption by SJA-Fe NPs followed the pseudo-second-order
kinetic model, and the adsorption isotherm is more fitted with Langmuir model with
the maximum adsorption of 271.7 mg/g Fe. Next, the SJA-Fe NPs in the removal of
co-existed Cr(VI) and As(V) were investigated. The preliminary results showed that
Cr(VI) removal was restrained with the increase of As(V) concentration, while the

presence of Cr(VI) would greatly promote the As(V) adsorption by SJA-Fe NPs.

Keywords: Plant extract, Bioreduction, Iron nanoparticles, Hexavalent chromium,

Arsenate
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Figure 1-1 Water contamination accident occurred in China in recent years
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