
• Tests of the efficiency of geopolymers as adsorbents for the
removal of Mn ions were conducted on groundwater from
the water supply system, which is used as a resource for
supplying the population in Novi Sad.

•  Utilization of allophane-bentonite geo-polymer achieves a
high degree of manganese ion removal from groundwater.
After 5 minutes of the process, a reduction in manganese
ion content of 88% is achieved, while over time the
removal efficiency increases slightly to 93% (after 60 min).

•  The application of bentonite, as well as bentonite-based
geo-polymer showed lover efficiency in manganese ion
removal (84% and 66%, respectively).

• It could be concluded that synthesized allophane-
bentonite-based geo-polymer demonstrated significant
manganese ion removal within short timeframes, making
them competitive cost-effeminacy adsorption material.
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INTRODUCTION 

Manganese ion (Mn²⁺) is essential for living organisms in trace
amounts, but becomes toxic to human health and ecosystems at
elevated concentrations. Therefore, the manganese ion content is
limited to below 50 µg/L by the Regulation on the hygienic quality
of drinking water of the Republic of Serbia (Official Gazette SRJ",
No. 42/98 and 44/99; Official Gazette RS", No. 28/2019).
Effective methods for Mn²⁺ removal from water is adsorption,
utilizing various types of adsorbents such as geo-materials in
addition to conventional such as manganese sand, anthracite coal,
and pyrolusite.

MATERIAL AND METHODS

The aim of this research was to investigate the efficiency
of geopolymer based on mixture of alophane and
bentonite as adsorbents for removal of manganese from
groundwater. The results are compared with process
efficiency achieved by bentonite-based geo-polymer, as
well as with bentonite alone.

RESULTS AND DISCUSSION  

•The allophane-bentonite-based geopolymer was obtained

according to a standard method under alkaline conditions.

Characterization of geopolymers:

• SEM/EDS method.

• XRD analysis

• FTIR analysis. 

Water treatment
The removal of Mn²⁺ from water was investigated using a batch
adsorption test conducted at an adsorbent concentration of 1 g/L
over a contact time of 1 hour.

Metal ions analysis
Manganese ion concentrations were measured using Inductively
Coupled Plasma Optical Emission Spectrometry (ICP-OES).

Characterization of geopolymer Water treatment
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CONCLUSIONS

Figure 1. FTIR spectra of allophane–bentonite geopolymers, showing 
typical Si–O–T and Al–OH vibrations

Figure 2. XRD pattern of allophane–bentonite geopolymer, showing 
characteristic amorphous hump and residual crystalline peaks.

Figure 3. SEM microstructure of allophane–bentonite geopolymer, 
showing a compact gel-like morphology with dispersed residual particles.

Figure 4. Manganese removal efficiency after 1 h of adsorption on 
allophane–bentonite geopolymer.
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