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ABSTRACT

Nanoparticles (NP) are growing to be a major concern in today’s world. Due to their ubiquitous
presence, their removal from the environment is a necessity at present.

The objective of this study was to study the removal of nanoparticles using activated carbon by
batch and column studies. Adsorption of nanoparticles (ZnO, CuO and their mixture) onto
Activated Carbon (AC) were studied using batch and column techniques to investigate the
feasibility of the removal of nanoparticles from water. The main sub-objectives were the removal
of single and mixture of selected nanoparticles by Activated Carbon in batch studies and Activated
Carbon filter bed in column studies and transport modelling of nanoparticles in the activated
carbon column bed.

In batch studies, the influence of contact time, pH (5,6,7,8 and 9) and adsorbent dose (0.01, 0.1, 1,
10 and 100 g/L) on the removal process were studied. Results revealed that, overall adsorption
capacities of AC for Zn (from ZnO nanoparticles) in deionized water was 0.9+0.028 mg/g (91.3%
removal) and wastewater was 0.6£0.038 mg/g (78% removal) at pH 8 and for Cu (from CuO
nanoparticles) in deionized water was 0.95+£0.036 mg/g (95.6% removal) and wastewater was
0.75+0.078 mg/g (83% removal) at pH 6 respectively in a single solution. In a mixture colloidal
solution of ZnO and CuO nanoparticles at optimum conditions, overall adsorption capacities of
AC for Zn in deionized water was 0.71+0.051 mg/g (74.7% removal) and wastewater was
0.576+0.019 mg/g (69% removal) and for Cu in deionized water was 0.82+0.017 mg/g (81.2%
removal) and wastewater was 0.6+0.032 mg/g (71.5 % removal). Pseudo Second Order, Langmuir
and Weber Morris Models co-related the best with the adsorbed data from experimental studies.

The models indicated that the adsorption of the nanoparticles onto AC was favourable.



In column studies, the influence of contact time, NP dose (1, 10 and 100 mg/L) and flowrate
(0.5, 1, 1.5 mL/min) on the removal process were studied. At nanoparticle concentration of 1
mg/L, for single suspension, for ZnO nanoparticles, the time-to-breakthrough was found to be
53, 55.5 and 49 hours and for CuO nanoparticles, it was found to be 49.5, 53, 47 hours for
flowrates 0.5, 1, 1.5 mL/min respectively. Similarly, for binary suspensions, for ZnO
nanoparticles, the time-to-breakthrough was found to be 48.5, 49 and 45.5 hours and for CuO
nanoparticles, it was found to be 43, 48.5 and 43.5 hours for flowrates 0.5, 1, 1.5 mL/min
respectively. Thus it was seen, that the breakthrough was reached faster for Cu than Zn.
Column performance models were applied and the values supported the applicability of
Thomas model for the removal of ZnO and CuO nanoparticles. The filtration parameters, such
as attachment efficiency (apc), NP deposition rate (kq) and filter coefficient (A) were also
observed to be dependent on the variation in flowrate as well as NP concentration. The total
% of Zn (single) leached was 66.3% and total % of Cu (single) leached was 63.2%. In binary
suspension, the total % of Zn leached was 55.9% and total % of Cu leached was 48.6%. It was
reported that Zn was leached more than Cu. Furthermore, qualitative characterization analysis
was done through SEM, EDX, FTIR, XRD, DLS and Zero Charge for the confirmation of
nanoparticle removal using activated carbon. This study provided a detailed analysis of the
removal of ZnONPs and CuONPs and an insight on the removal capacity of activated carbon
for the removal of these nanoparticles from wastewater. Conclusions from this study would
help to establish more treatment plants especially for the removal of nanoparticles from water.
Keywords: Nanoparticles, Activated Carbon, Adsorption, Filtration, Adsorptive filter bed,

Leaching
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