Polymer based nanocomposites for the removal
of Cr(VI) from water

Emerging Researcher Symposium

|
Katlego Setshedi

10 October 2012

GIR

our future through science



Outline

Background
* Problem statement
 Health impacts
Remedies
Objectives
Experimental procedure
Results
— Characterization
— Batch sorption
— Continuous sorption
Conclusions

GSIR

WWW.CSIr.co.za © CSIR 2012 Slide 2 our future through science



Background

The water industry faces problems on national and global level that
needs to be addressed:

*Fresh water reduces due to droughts

*Chemical (metals, fluoride, nitrate and other
chemicals) and biological contamination

«Acid mine drainage

L ittle/disregard for the environmental
consequences of INDUSTRIAL activity
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Industrialization & Heavy-metals — The problem
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Health effects

Drinking water containing Heavy metals (even at low concentrations) can cause:

Environ Health Perspect. 1983 February; 48: 113-127.
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Conventional technologies Vs our approach
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*high specificity
*high reactivity
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Advances in nanoscale science and engineering

Adsorbents
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Objectives

« To synthesize and characterize polymer based nanocomposites for Cr(VI) removal

from wastewater
» To perform batch adsorption equillibria and kinetics under controlled conditions
» To relate sorbent performance with sorbent properties and water quality

« To apply existing mathematical models to describe isotherms and kinetic data for

design parameters
« To test the applicability of the material with real groundwater containing Cr(V1)

» To test the regenerability of the sorbent
[ ]

« Evaluate sorption performance in a continuous system GI R
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Adsorbent preparation

Swelling with water
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Preparation of the exfoliated polypyrrole/OMMT nanocomposites

Novel magnetic polymer based nanocomposite

*Highly dispersible
*Easy separation

*Use of high gradient magnetic .

separator GI R
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Batch equilibrium and kinetics
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Results

L
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ATR-FTIR and TEM analysis
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Column — dynamic study
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Q, (mg/g)

Magnetic polymer based nanocomposites
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Feasibility test for Cr(VI) contaminated ground water and the effect
of competing ions

100 A% * * % 100
/
80 [ 7 80
= 60 [ 7 __ 60
5 ]
g E
S o
40 | N 40
20 [ 20
0 0
cr** crINPt ezt cr®tico® Cr6+/N03' crrer
0 0.05 0.1 0.15 0.2 0.25 0.3

Magnetic :

' PPy/F;0,
S - . Cr(VI)free
Nano- sepanijon — water "
composites :
- Magneticbar G R
WWW.CSir.co.za 100 ppm Cr(V1) sol. Nanocomposite + Cr(VI) sol 0 ppm Cr(VI) sol. our future through science



q_/(mg/g)

e

Regeneration studies
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Conclusions

The removal of Cr (V1) ions as a model heavy metals from aqueous solution was carried
out in a batch and continuous adsorption mode using polymer based NCs

PPy-OMMT and the polymer based magnetic NCs was synthesized and characterized for

Cr (VI) removal from aqueous solution

« PPy-OMMT NC was exfoliated and exhibited effectiveness in the removal of Cr (V1) ions

from aqueous solutions

» Uptake increases with an decrease in pH and an increase in temperature with both

nanocomposites
» Fast removal kinetics— due to low mass transfer resistance for both nanocomposites
» Isotherms were best described by the Langmuir isotherm for both nanocomposites

» Kinetics were best described by the Pseudo second order kinetic model for both

nanocomposites

«  Continuous sorption data reveals an effective Cr(VI) sorption with an increase in sorbgnt
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