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condition of creatinine adsorption on PAC can be reached 
within 7 h and the adsorption ratio was 53.7 %. Kinetic 
adsorption data were well fitted according to the pseudo-
second-order model, implying that it was a chemisorption 
process and the adsorption mechanism involved intermo-
lecular H-bonding between adsorbent and adsorbate.
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Introduction

Chronic renal failure is a worldwide intractable and rare 
disease of high incidence and high mortality [1–3]. Renal 
insufficiencies lead to the disorder of toxin metabolism and 
induce the accumulation of uremic toxins and then produce 
toxic effect [4, 5]. The clearance of these harmful toxins 
has been attracted much attention in scientific field [6, 7]. 
Creatinine is a typical low molecular uremic toxin whose 
clearance is of great importance in clinical medicine. Many 
adsorbents have been utilized to remove the creatinine mol-
ecules [8, 9].

Medicinal activated carbon particles have the advan-
tages of low cost and strong adsorption ability. In addi-
tion, activated carbon particles are hard to digest or be 
decomposed by bacteria, and the prototype can be out of 
the body with feces. The removal of creatinine in patients 
with chronic renal failure by activated carbon adsorbent 
reduced the incidence of end-stage renal failure and pro-
longs the lives of patients [10, 11]. However, there are 
many disadvantages in commercial activated carbon par-
ticles including wide range of pore size distribution, low 
selective adsorption, and small adsorption capacity. Thus, 
the research works of enhancing the creatinine toxins 

Abstract Polyaniline-poly(styrene sulfonate) (PAn-PSS)  
hydrogels-based powdered activated carbons (PAC) 
were prepared and investigated. Structural properties of 
PAC were characterized by nitrogen absorption–desorp-
tion and elemental analysis. Surface properties of PAC 
were studied by Fourier transform infrared spectroscopy, 
X-ray photoelectron spectroscopy, and scanning electron 
microscopy techniques. Activated carbon particles pos-
sessed high mesopore ratio of 54 % which can ensure the 
smooth entrance of the adsorbates of proper size. On the 
other hand, these materials were nitrogen-enriched due to 
the PAn-PSS precursor. Amino groups are tended to form 
chemical bonds with certain adsorbates which help inten-
sify the interaction between PAC and certain adsorbates, 
thus promote their adsorption on PAC. The adsorption 
behavior of creatinine on these activated carbon particles 
was also studied. In comparison with the coconut shell 
activated carbon particles, PAC showed a better (P < 0.05, 
statistically) adsorption ability of 341.2 mg/g. Freundlich 
model was employed to describe the isothermal adsorption 
behavior of creatinine on PAC and the coefficient of deter-
mination (R2) was greater than 0.98. Moreover, the study 
of the adsorption kinetics showed that the equilibrium 
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