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Water pollution primarily results from heavy metals and nutrient overloads, especially nitrates and phosphates, which pose ongoing environmental challenges due to their harmful effects and persistence in aquatic environments. Traditional medical techniques often face limitations related to 

funding, energy consumption, or the emergence of new environmental pollutants. In this context, membrane technologies have emerged as promising solutions for both effective and sustainable water purification. However, their potential can be improved by combining membrane filtration with 

adsorption techniques. This study focuses on developing and characterizing a novel ceramic composite membrane made of cordierite/zirconia, modified with a biomaterial derived from Carpobrotus edulis. The aim is to leverage the synergistic interactions between the membrane's mechanical 

strength and the functional groups (–OH, –COOH, –NH₂) in the biomaterial to improve the removal of metal ions and anions from water

The modification of the cordierite/zirconia ceramic membrane through the addition of a biomaterial from Carpobrotus edulis (BMIS) has effectively enhanced its operational and filtration properties. Analyses using Fourier Transform Infrared Spectroscopy (FTIR) and Scanning Electron Microscopy (SEM) 

confirmed the successful integration of the biomaterial onto the zirconia matrix, forming a thin, active layer while maintaining the membrane's structural integrity. The modified membrane showed significantly improved retention of heavy metal ions, especially Zn²⁺ and Pb²⁺, along with nitrates, due to the 

intentional incorporation of carboxyl, hydroxyl, and amine groups. Although water permeability experienced a slight decline, the overall performance maintained a good balance between flow and selectivity. This advanced membrane presents a promising, environmentally sustainable, and cost-effective solution 

for modern water treatment, aligned with sustainable development goals related to clean water and ecological conservation.

• Ceramic support: Synthetic cordierite 

prepared by extrusion (average particle size: 

25 µm).

• Ultrafiltration layer: Zirconia (ZrO₂, 

>99.8% purity, particle size: 0.65 µm).

• Solid inert biomaterial (SIB): Dried 

Carpobrotus edulis

• Additives: Dispersant (Dolapix CE 64), 

binder , plasticizer, and distilled water.
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A zirconia slip was prepared using:

• 10% ZrO₂

• 30% APV (12% by mass)

• 60% Dolapix CE 64 (0.2%)

3.4/ Preparation and Incorporation of the Biomaterial (BMIS)

Carpobrotus edulis leaves and stems were:

• Dried in open air

• Finely ground

• Sieved to ≤500 µm

The BMIS modification was carried out by circulating an aqueous suspension of BMIS through the cordierite/zirconia membrane until the permeate flux

stabilized .

4.1/ FTIR Analysis:

New absorption peaks characteristic of BMIS functional groups (–OH, –COOH, –NH₂) appeared on 

the modified membrane.

Bands in the 3300–3400 cm⁻¹ (OH/NH) and 1650–1740 cm⁻¹ (C=O) regions confirmed the chemical 

anchoring of BMIS.

 Conclusion: BMIS was successfully grafted onto the zirconia surface.
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4.2/ SEM Analysis:

• The unmodified membrane displayed a homogeneous microporous structure.

• The modified membrane showed a thin, irregular surface layer, typical of 

BMIS deposition.

Overall porosity was preserved, with slightly increased surface roughness.

4.3/ effect of Modification on Permeability

Parameter Raw Membrane Modified Membrane

Initial water flux (ΔP = 0.3 

bar)

350 L·h⁻¹·m⁻² 280–300 L·h⁻¹·m⁻² (≈80–85% 

of initial)
Resistance to fouling Low Improved

4.4/ Retention Performance

Pollutant Retention (Raw Membrane) Retention (Modified Membrane)

Zn²⁺ <20% 50–70% (depending on concentration)

NO₃⁻ Very low Significantly improved

Pb²⁺ Low >80% due to carboxyl and amine groups

Aspect Before Modification After Modification

Surface Nature Inert Functionalized

Interaction Capacity Limited High

Selectivity Low Enhanced

Approach Filtration only Adsorption + Separation

Material Origin Synthetic Eco-sourced & Renewable

The rise in nitrates, heavy metals, and other ionic pollutants in water sources emphasizes the urgent need to develop practical and environmentally

responsible treatment solutions. Ceramic membranes, especially those made with cordierite and zirconia, are praised for their excellent chemical and thermal

resistance; however, their limited ability to adsorb contaminants and the risk of fouling can significantly hinder their performance. In this study, a natural,

bio-inert solid material (BMIS) derived from the plant species Carpobrotus edulis was used to modify the surface of a ceramic composite membrane, aiming

to improve its adsorption and filtration capabilities. The chosen BMIS is naturally abundant and contains a high level of functional groups (carboxyl,

hydroxyl, amine), which have previously been shown to have substantial adsorption capacities for ions such as NO₃⁻ (124.4 mg/g) and Pb²⁺ (174.6 mg/g).

The modification process involved infusing the membrane surface with BMIS, followed by a controlled drying process. Both before and after modification,

the membranes were carefully examined using advanced techniques such as scanning electron microscopy (SEM), Fourier-transform infrared spectroscopy

(FTIR), and permeability tests. Performance was assessed using representative ions under carefully controlled operational conditions. The results show a

significant increase in ion retention through the combined adsorption and filtration approach, along with a decrease in fouling tendencies. Although there was

a slight reduction in initial flux, overall separation efficiency was improved. This sustainable surface modification method shows promising potential for

developing cost-effective, environmentally friendly ceramic membranes for water purification.
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