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High arsenic (As) in drinking water is a major health concern worldwide because it has a direct impact 

on the sustainability of community development: increasing risks of diseases[1], [2], including several 

cancers[3], [4], by long-term exposure of arsenic. Specifically, one major exposure of As is due to 

groundwater pollution since As release is deteriorated by hydrogeologic conditions which dissolve or 

desorb As from underground minerals[5]. The arsenic challenge is particularly serious for developing 

countries and rural communities with limited resources and capacity for its treatment. Adsorption is 

considered a low-cost approach for arsenic removal from drinking water[6]; however, for the point-of-use 

(POU) applications, the slow adsorption kinetics is often a limiting factor.  

 

Due to mechanism of ligand exchange reactions, iron (hydro)oxides have high affinities for aqueous As 

oxyanions[7]; this property makes iron-based materials good candidates in POU systems. By coating iron 

on surface of carbonaceous materials, the composites could be more promising given the skeletal 

strength of carbon substrates. To find a more favorable candidate for As adsorption, here we coated iron 

on four different carbons as shown in transmission electron microscopy (TEM) images (Figures 1A-D): 

ordered mesoporous (pore size 2 to 50 nm according to IUPAC definition) carbon (OMC), unordered 

mesoporous carbon (named SMC because purchased from Sigma-Aldrich), activated carbon Cabot 

Darco® S-51 (AC_S51), and activated carbon UltraCarb® 830 (AC_UC830). Because of distinguishable 

carbon texture, iron contents (weight percentage of iron over the composite) were different even under 

the same coating protocol. Correspondingly, different porous structures and iron contents were expected 

to give distinct arsenate (As(V)) uptake rate. 

      

The impregnated iron was well distributed on all four carbon substrates. The adsorption results showed 

that SMC, with average pore diameter of 7.0 nm and unordered mesoporous structure, was the best 

carbon precursor in terms of adsorption rate (Figure 2): As(V) concentration was reduced from ~50 μg 

As/L down below the maximum contamination level (MCL) of 10 μg As/L in 45 s. The needle-like 

structure on SMC could be helpful for this fast As(V) uptake because the adsorption process was likely 

stimulated by rapid mass transport from bulk solution to the protruded structure (Figure 1B). In 

addition, the ordered mesoporous structure for FeOMC was maintained after the iron-coating treatment: 

the straight and uniform mesopores could induce a “highway” effect to improve As(V) adsorption rate 

because compared with FeAC_S51 (~21.08% Fe), the lower iron content (~3.12% Fe) of FeOMC 

seemed not to hinder the uptake rate in 90 s (Figure 2). The adsorption kinetic results also told us that 

the slowest rate was found for FeAC_UC830 (~4.80% Fe), which had the biggest average grain size of 

800-1100 μm. It was well documented that nanoparticles normally possessed higher surface reaction rate 

than granular particles. In conclusion, the implications from the TEM microanalysis on adsorption 

kinetics could aid in design and development of adsorbents for efficient removal of As(V) in POU 

systems.  

 



 
 

Figure 1.  TEM images of (A) OMC, (B) SMC, (C) AC_S51, and (D) AC_UC830.  

 

 
Figure 2.  Effects of iron content, porous structure, and grain size on As(V) adsorption kinetics. pH = 

6.6, solid loading is 1.0 g/L, ionic strength = 0.05 M, ambient temperature.  
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