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Heavy Metal Removal from Drinking Water
using Bipolar Surface Modified Natural Mineral Adsorbents

Nam-youl Kim and Younghee Kim'

Department of Convergence Engineering, Graduate School of Venture, Hoseo University

ABSTRACT

Objectives: The most commonly detected heavy metals in rocks and soils, including Pb, Cd, Cu, Fe, Mn and
As, are representative pollutants discharged from abandoned mines and have been listed as potential sources of
contamination in drinking water. This study focused on increasing the removal efficiency of heavy metals from
drinking water resources by surface modification of natural adsorbents to reduce potential health risks.

Methods: Iron oxide coating and graft polymerization with zeolites and talc was conducted for bipolar surface
modification to increase the combining capacity of heavy metals for their removal from water. The removal
efficiency of heavy metals was measured before and after the surface modification.

Results: The removal efficiency of Pb, Cu, and Cd by surface modified zeolite showed 100, 92, and 61.5%,
respectively, increases compared to 64, 64, and 38% for non-modified zeolite. This implies that bipolar surface
modified natural adsorbents have a good potential use in heavy metal removal. The more interesting finding is
the removal increase for As, which has both cation and anion characteristics showing 27% removal efficiency
where as non-modified zeolite showed only 2% removal.

Conclusions: Zeolite is one of the most widely used adsorptive materials in water treatment processes and
bipolar surface modification of zeolite increases its applicability in the removal of heavy metals, especially As.

Key words: Iron oxide coating, graft polymerization, heavy metal removal, natural zeolite, surface
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(C) Creation of Carboxyil group by
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(D) Formation of bipolar surface in water

Fig. 1. Mechanism for bipolar surface modification using
the iron oxide-graft polymerization
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Natural Mineral
(Natural Zeolite 2 types, Zeolite Ball, Talc Ball)

2 mm Sieving & Washing

.4

Iron Oxide Modification

Immersion in FeCl; - 6H,O 20wt% solution
removal of moisture by stirring for 24 hours
with pH 10.0, 70°C, 200 rpm

A

Fire Burning

Burning for 6 hours at firing with 250°C

ad

Washing after Cooling

A

Modification using Graft Polymerization

Stirring for 1 hour at 30 rpm after immersing mixed
solution of Na,S,0; 3.0 g/L, Na,S,05 2.0 g/L,

Methacrylic Acid 50.0 ml/L

A

Cold Release after Drying |

Fig. 2. Surface Modification Procedure of Natural Mineral
Absorbent
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Fig. 3. FT-IR Analysis of Surface Modified Zeolite A
using Graft Polymerization
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(C) After iron oxide coating and
graft polymerization

Fig. 4. Surface structure of natural Zeolite in each stage of
surface modification
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Table 1. Changes of BET Surface Area & Pore Size by
surface modification

Sample Natural ~ Natural
Division Condition Zeolite A Zeolite B Talc Ball
Before
BET Modification 413815 373171 39.8991
Surface AR
mZ/ er
(m7/g) Modification  +4489 65529 34.9939
. Before ¢ 0054 840172 83.8950
Pore size Modification
(nm) After
Modification 186.3590 158.9102 80.7832

*Natural Zeolite A: Mongolia, Natural Zeolite B : Domestic
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Fig. 5. Cd removal Efficiency by Surface Modification. C
and C,, indicate an initial concentration (before
reaction) and a residual concentration (after
reaction)
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Fig. 6. Cu removal Efficiency by Surface Modification. C
and C,, indicate an initial concentration (before
reaction) and a residual concentration (after
reaction)
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Fig. 7. As removal Efficiency by Surface Modification. C

and C,, indicate an initial concentration (before
reaction) and a residual concentration (after
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