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1. Introduction 

 
Recently, many kinds of carbon materials including 

nanostructured carbons and carbon blacks with a high 

surface area have been studied as a sorption material or 

a metal catalyst support for an application to 

electrocatalysts of the electrochemical reaction in fuel 

cells [1-4]. To prepare carbon-supported Pt or Pt-based 

alloy catalysts, various techniques including the 

impregnation method, the microemulsion method, the 

colloidal method, and the electrodeposition method 

have been suggested [1-4].  

Here we examine metal ion sorption on activated 

carbons in dilute aqueous solutions and evaluated 

selectivity property of the sorbent in mixture solutions. 

 

2. Experimental 

 

A microporous activated carbon (F400, Calgon 

Carbon Corporation, USA) was used as a sorbent. The 

F400 is a microporous carbon which has a specific 

surface area of about 1000 m
2
/g and a micropore 

volume of 0.326 cm
3
/g. To enhance the sorption 

property, the surface of the F400 was modified with PEI 

and CMPEI by agitating a mixture solution of the F400 

and PEI in an aqueous solution at pH 5 for 6 hr. The 

PEI (MW = 750,000) and CMPEI (MW = 50,000) were 

obtained from BASF and used as received. We 

examined the effect of a PEI coating on the dispersion 

of F400 by performing adsorption tests of Pt(IV) on the 

F400 in dilute aqueous solutions of 20 ppm Pt(IV) at 

pH = 4.0. The equilibrium adsorption tests of Pt(IV) on 

a F400, a PEI-coated F400 with a 2.5 wt% PEI content 

and a nano-sized Super P carbon black (TIMCAL) were 

performed under a constant ionic strength of 0.1 M 

NaNO3 at pH = 2.5. The Super P carbon black has a 

particle size of ca. 40 nm and a specific surface area of 

ca. 62 m
2
/g. In this work, PtCl4 (Aldrich Chemical Co., 

Inc.) was used as a Pt precursor. The amount of Pt(IV) 

adsorbed onto the adsorbents at an equilibrium was 

calculated by measuring the final Pt(IV) concentration 

in the adsorption medium by an inductively coupled 

plasma atomic emission spectroscopy (ICP-AES, 

Horiba Ultima 2). Furthermore, sorption selectivity of 

the activated carbons was evaluated in various mixture 

solutions.  

 

3. Results and Discussion 

 

3.1 Dispersion of Activated Carbon 

 The effect of PEI on the dispersion of the F400 was 

examined by measuring the adsorption amount of Pt(IV) 

on the F400 in a dilute aqueous solution of 20 ppm 

Pt(IV) at pH = 4.0. It was observed that the amount of 

Pt(IV) adsorbed was greatly increased when the surface 

of the F400 was coated with PEI as shown in Fig. 1. 

Especially, the F400 showed an increase in the 

adsorption amount of Pt(IV) by ca. 7% when it was 

coated with a 2.5 wt% PEI. So, we carried out 

equilibrium adsorption tests on the PEI-coated F400 

with a 2.5 wt% PEI content, which is denoted as 

PEI(2.5)/F400.  
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Figure 1. Effect of a PEI coating on the adsorption of Pt(IV) 

on the F400 at 22°C.  

 

3.2 Adsorption Isotherms  

 

Fig. 2 shows the adsorption isotherm of Pt(IV) on the 

Super P, the F400 and the PEI(2.5)/F400 at pH 2.5. It 

was observed that the F400 showed at least a three times 

larger adsorption capacity of Pt(IV) than the Super P. 

We think that this may be caused by the large surface 

area of the F400 on which Pt(IV) can be adsorbed. We 

can clearly see that the PEI(2.5)/F400 which has 

relatively high dispersion characteristics in an aqueous 

solution clearly showed an increased adsorption 

capacity of Pt(IV), compared to the pure F400 (Fig. 2).  

In the case that an adsorbent has poor dispersion 

characteristics in an adsorption media, it is generally not 

easy to get accurate thermodynamic data concerning its 

adsorption phenomena. So, we extracted some useful 

information from the adsorption data of Pt(IV) on the 

PEI-coated F400. The adsorption isotherm of Pt(IV) on 

the PEI(2.5)/F400 was analyzed using various isotherm 

models including the Langmuir adsorption isotherm 

model [5]. The Langmuir isotherm shows excellent fit to 

the experimental adsorption data, thus providing the 

extremely high correlation coefficients (R
2
 = 0.9962). 
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This strongly supports that the adsorption of Pt(IV) onto 

the PEI-coated F400 follows the Langmuir model. The 

Q0 and KL, which were calculated from the slope and 

intercept of the regression line, were 435 mg/g and 3.45 

× 10
-2
 L/mg, respectively. The small value of the 

constant KL indicates that the heat of the adsorption is 

low. 
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Figure 2. Adsorption isotherm of Pt(IV) on the PEI(2.5)/F400 

(a), the F400 (b) and the Super P (c) at pH = 2.5.  

 

3.2 Sorption Selectivity  

 

Fig. 3 shows the sorption selectivity of activated 

carbons (F400) modified with CMEPI in a ternary 

solution containing Cu(II), Co(II) and Ni(II). The 

modified F400 showed the best adsorption selectivity 

for Cu(II).  
 

 
Figure 3. Sorption selectivity of F400 in a ternary solution of 

Cu(II), Co(II) and Ni(II): initial concentration of metal ions = 

5 ppm. 

 

3. Conclusion 

 

We examined metal ion sorption on activated carbon 

in dilute aqueous solutions and evaluated selectivity 

property of the sorbent in various mixture solutions. The 

sorption characteristics of an activated carbon (F400) 

were examined using PtCl4 as a Pt precursor. 

Polyethyleneimine (PEI) was introduced on the surface 

of the F400 as a dispersing agent of the F400. The F400 

showed an increase in the adsorption amount of Pt(IV) 

by ca. 7% when it was coated with a 2.5 wt% PEI in 20 

ppm of Pt(IV) solutions at pH = 4.0 The adsorption 

isotherms of Pt(IV) on the PEI-coated F400 which has 

relatively higher dispersion characteristics in an aqueous 

solution, when compared with pure F400, were analyzed 

using various isotherm models including the Langmuir 

isotherm models. It was found that the adsorption of 

Pt(IV) onto the PEI-coated F400 follows the Langmuir 

isotherm model. Especially, the CMPEI-coated F400 

showed the best adsorption selectivity for Cu(II).  
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