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Abstract:  

 
The adsorption of rhodium (III) ions onto pyrogallol formaldehyde nano resin (PGNR) in a batch 

adsorber has been studied. Adsorption experiments were carried out by agitating 0.2g PGNR with 50 

mL of Rh (III) ion solution of the initial concentrations from 19 to 95 mg/L. A contact time of 60 min 

was required to achieve equilibrium. At the end of the adsorption period, 15 mL sample was 

centrifuged and concentration was measured using AAS. The experimental isotherm data were 

analyzed using the Langmuir, Freundlich and Temkin equations. Isotherm parameters for three 

equations were determined and discussed. Adsorption of Rh (III) onto PGNR followed the Langmuir 

isotherm. The monolayer adsorption capacity is 66.27 mg/g. A single stage batch adsorber was 

designed for different adsorbent mass/treated effluent volume ratios using the Langmuir isotherm. 
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1. Introduction  

 

Rhodium containing wastes has become a source of recycle because its low ore reserves and high 

utilization. It is difficult to follow the fate of metallic ions after they enter and pollute the 

ecosystem as they move from one ecological trophic layer to another [1].  

 

Only few scientists have studied adsorption of rhodium ions onto various adsorbents. Reports 

include studies by Morisida at al, who investigated the rhodium (III) adsorption of the amine 

modified tannin polymer [2,3]; Akkaya at al studied the adsorption of rhodium (III) onto 

poly(1,8-diaminonaphthalene) [4]; Ogata at al designed an adsorber onto gibbsite [5]; Alam  et al. 

studied the adsorption of Rh (III) onto various ion exchange resins [6]; Moon et al. studied the 

sorption of Rh(III) onto Amberlite XAD-4 impregnated with Aliquat 336 [7]; Couceiro et al. 

studied adsorption and desorption kinetics Rh (III) and Pt (IV) in turbid suspensions [8]; Sako at 

al studied the adsorption and surface complexation modeling of Rh (III), Pd (II) and Pt (IV) onto 

semi-arid soils and sediment [9]; Ogata at al designed an adsorber onto gibbsite [5]; However, 

until now, as far as we can find, there isn’t any report involving rhodium adsorption system 

design especially for batch systems involving polymer based adsorbents.  

 

This paper presents mathematical models developed for predicting the optimized minimum 

operating time for the removal of specified amounts of Rh (III) ions from a fixed volume of 

solution using a novel pyrogallol derived resol nano resin (PGNR) particles [10]. Data used for 

developing these models were obtained from batch kinetic studies of the adsorption Rh (III) ions 
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using the PGNR adsorbent. Both single stage adsorber models were used on the data. 

 

2. Materials and Method 

 

RhCl3.3H2O and HCl purchased from Merck Company. AAS standard solutions for 

determination of PGM purchased form UltraScientific Company. All other reagents were 

analytical grade. Preparation of PGNR polymer was explained in detail at our recent publication 

dealing synthesis and characterization of polymer [10]. The aqueous Rh (III) stock solution was 

prepared from solid RhCl3.3H2O in 0.1 M HCl.  Subsequently pH and pCl adjusted at 4.5 and 3, 

respectively. The Rh (III) solutions were prepared by dilution with ultra-pure water (Milli-Q, 

UK).  

 

The rhodium (III) solution was prepared by diluting stock solutions to desired pH and pCl 

concentrations at 4.5 and 3, respectively. All adsorption experiments were carried out in a 

standard and strictly adhered to batchwise system. At the end of the adsorption period, 15 mL 

samples were centrifuged and the solutions were filtered through a 0.45 μm Milipore filter paper 

to avoid any solid particle in the aqueous phase. Samples were measured using AAS. All the 

adsorption tests were performed at least twice so as to avoid wrong interpretation owing to any 

experimental errors.  FAAS calibrated using 0, 4, 12 and 20 ppm standard solution for Rh (III) in 

1M HCl. Samples diluted to measurement limits for precise results. Amount of adsorbed metal 

ions was calculated from the concentrations in solutions before and after adsorption process. 

Results were taken from the average of three scans for each sample. 

 

The amount of metal adsorbed onto PGNR, qe (mg/g), was calculated as follows: 

    (     )  ⁄         (1) 

where C0 and Ct are the initial and time t liquid-phase concentrations of the metal (mg/l), 

respectively. V the volume of the solution (L) and W the weight of the dry PGNR used (g). Each 

experiment was performed twice at least under identical conditions. Twice tests showed that the 

standard deviation of the measurement was ±2.5%.  

 

3. Results  

 

Adsorption isotherms can be used to predict the design of single-stage batch adsorption systems 

and it is already been described by Ho and McKay [11]. Based on the best fitting isotherm, a 

single stage adsorber as shown in Figure 1 was designed for different solution volumes. The 

design objective is to reduce the rhodium (III) solution of volume V, L from an initial metal 

concentration of C0–C1 (mg/L). The amount of adsorbent is M and the solute loading on the 

adsorbent changes from q0 (mg/g) to q1 (mg/g). At time t = 0, q0 = 0 and as time proceeds the 

mass balance equated the rhodium adsorbed from the liquid to that picked up by the solid. The 

mass balance equation for the sorption system in Figure 1 can be written as equation 

 (     )   (     )             (1) 

 

When system reaches to the equilibrium,    and    will change to    and   , respectively.  
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 Figure 1. Schematic representation of the single stage batch adsorber system. 

 

From adsorption studies and from model results it was seen that the Langmuir model gave a more 

robust fit to equilibrium data from PGNR particles [12]. Langmuir constants used further 

calculations can be seen at Table 1. On this basis, the Langmuir isotherm equation was used to 

predict the amount of PGNR particles required to remove a certain percentage of Rh (III) from 

various volumes of solutions. With 

   
    

      
                                                                                                                               ( ) 

Since the equilibrium studies confirm that the equilibrium data for Rh (III) onto PGNR particles 

follows a Langmuir isotherm equation (2) substituted with qe in equation (1) and it can be 

rearranged as 
 

 
 
     
  

 
     

[
    

      
]
                                                                                                      ( ) 

 
Table 1. Langmuir isotherm constants for Rh (III) adsorption onto PGNR particles.  

Isotherm KL (L/g) 
aL 

(L/mg) 
Qmax 

(mg/g) 
RL r

2
 

Lineweaver-Burk linear 0.1623 0.0011 66.27 0.973-0.876 0.99989 

 

q0, mg of solute/g of adsorbent 
M, m of adsorbent 

V (L of solvent) 

C0  

(mg of solute/L 

of solvent) 

V (L of solvent) 

C0  

(mg of solute/L 

of solvent) 

 

qe, mg of solute/g of adsorbent 

M, m of adsorbent 

Batch  
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Figure 2. (a) Adsorbent mass (M) against volume of effluent (V) treated for various percentage of rhodium (III) 

removal at 100 g/m
3
 initial the rhodium ion concentration. (b) Adsorbent mass (M) against initial Rh (III) 

concentration for 90% metal removal at various volume of solutions (V) treated. 

 

4. Discussion  

 

Figure 2 (a) shows a series of plots derived from Equation (3) for the adsorption of the Rh (III) 

ions onto PGNR. An initial metal ion concentration of 100 g/m
3
 is assumed and Figure 2 shows 

the required amount of sawdust to reduce the color content by 75%-99% at various volumes of 

solutions. For a single-stage adsorption system, thus the adsorbent demonstrated adsorption 

capacity of the metal ions containing solutions. For example, 1 m
3
 of solution is to be treated. 

The required masses of PGNR are 31, 41, 58, 92, 193 and 997 g of solution containing 100 g/m
3
 

Rh (III) at 293 °K for 75%, 80%, 85%, 90%, 95%, and 99% rhodium removal, respectively. 

 

Figure 2 (b) shows the required amount of PGNR to reduce the rhodium ion content by 90% at 

various volumes of solutions which have different Rh (III) concentrations. For example, 5 m
3
 of 

solution is to be treated, the required amounts of PGNR to reduce the rhodium ions content by 

90% increased from 905 to 912 kg with increase in the initial Rh (III) concentration from 0,1 to 

50 g/m
3
. The amount of PGNR required to remove 90% of rhodium ions from aqueous solution 

can be predicted for any initial Rh (III) concentration for a fixed volume of effluent (V). Through 

such a projection, a real single stage adsorption system can be designed. 

 

Conclusions  

 

In this study, mathematical model were applied for the adsorption of Rh (III) onto PGNR 

particles using Langmuir isotherm data obtained experimentally via batch processes. The data 

from single-stage optimization models suggest that it will be useful for the design of adsorption 

plant for large-scale adsorption of Rh (III) by PGNR particles from recycling streams. It is not 

feasible to removing 95% of Rh (III) ions in single-stage process. Pilot studies using this 
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adsorbent are in progress to ascertain its full potential in the treatment of wastewater. 
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