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Abstract: Sago hampas was chemically modified through esterification to adsorb both laboratory and commercial
synthesized Zinc oxide nanoparticles from water in a batch adsorption studies. The esterified sago hampas
(ECSH) as a bio-sorbent was characterized using Energy-dispersive X-ray spectroscopy (EDX), Fouriertransform infrared spectroscopy (FT-IR), Scanning electron microscopy (SEM), Transmission electron microscopy
(TEM), and Brunauer-Emmett-Teller (BET) technique. Investigating the effect of pH, contact time, initial sorbate
ion concentration, temperature and sorbent mass were carried out where adsorption parameters were analyzed
using Langmuir, Freundlich and Temkin models. The correlation between Kinetics of adsorption and the rate order
of Zinc oxide nanoparticles on ECSH were also determined. The adsorption of Zinc oxide nanoparticles was found
to increase with increasing contact time with the attainment of equilibrium at 100th minute with maximum removal
efficiency of 85.5% (0.036 mg/g) and 89.6% (0.106 mg/g) for laboratory and commercial synthesized Zinc oxide
nanoparticles from aqueous solution. An optimum pH of 8 with adsorbent dose of 2.0 g at a temperature of 50°C
gave good results of Zinc oxide nanoparticles removal. The equilibrium data for both sorbate solutions fitted well
for both Langmuir and Freundlich isotherm models. From the Langmuir model, ECSH recorded greater sorption
capacity of 0.2 mg/g and 0.6 mg/g for laboratory and commercial synthesized Zinc oxide nanoparticles
respectively. The kinetic studies showed pseudo-second order model as the best fitted for the sorption of Zinc oxide
nanoparticles for both laboratory and commercial Zinc oxide nanoparticles.
Keywords: Esterified Sago hampas, Langmuir isotherm model, Freundlich isotherm model, Temkin isotherm
model, Pseudo-first model, Pseudo-second model.

1. INTRODUCTION
According to Lux research and Sargent [1, 2],
Nano-industry is one of the fastest growing
industries and about 17.8 billion dollars from
public and private sector funding was invested
into this sector. This has boosted the global
socioeconomic value of nanotechnologies
worldwide. From current literature reviews on
potential hazardous effects of metal-containing
nanoparticles, release of these nanoparticles
(NPs) from different sources gets into different
environmental media and pose a threat to targetand-non-target species such as algae,
crustaceans, fish, bacteria, yeast, nematodes,
protozoa and mammalian cells [3-6]. According
to data adapted from Piccinno et al. [7], different
nanoparticles are used in different products but
Zinc oxide (ZnO) and Ag nanoparticles are the
most commonly used in consumer products.
Although the potential hazard of high
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concentration of engineered nanoscale ZnO have
been evaluated to some extent [8, 9], their
toxicological data are rather sparse [10],
although the toxicity of normal zinc and zinc
compounds has been much reported [11, 12].
According to Malaysian Environmental Quality
Act 1974, the maximum permissible limit of Zn
in drinking water is 2.0 mg/l. Assessment in
predicting the concentrations of engineered
nanoparticles both in terrestrial and aquatic
systems
through
simulated
modelling
experiments reported the concentrations of Ti,
Ag and Zn nanoparticles as 10-8 -10, 10-8 -10-1
and 10-3 -100 mg/kg respectively [13].
Much awareness of the environmental impact of
metal ions in recent years has led to the
enactment of strict legislation such as the
Environmental Quality Act 1974, 1989 in
Malaysia to attain the Sustainable Development
Goal number 6 (SDG 6) [United Nations,
2016].

