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𝑞𝑒 =  
(𝐶𝑜− 𝐶𝑒)𝑉

𝑀

𝐶𝑜 𝐶𝑒

 

 𝐶𝑜 𝐶𝑒

−𝐼𝑛(𝑞𝑒 −  𝑞𝑡) +  𝐼𝑛𝑞𝑒 =  𝑘1𝑡                                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

 

 

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

             

            

            

  

 

 

  

 

 

 

   



𝑡

𝑞𝑡
  

1 − 
𝑞𝑡

𝑞𝑒
= exp(−𝑘1𝑡) 

𝑡

𝑞𝑡
=  

1

𝐾2𝑞𝑒
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1

𝑞𝑒
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Initial  

Cd2+ 

(mg/L)       

    Pseudo-first-order (KC)    Pseudo-second-order (KC) 

K1  

(min-1) 

qe, cal 

(mg/g) 

r2 K2 

(g/mg/min) 

qe, cal 

(mg/g) 

r2 ho 

(mg/g/min) 

qe, Exp 

(mg/g) 

25 0.0083 1.08 0.968 0.0370 1.84 0.9851 0.1256 1.75 

50 0.0064 2.53 0.9573 0.0104 4.19 0.9639 0.1815 4.00 

100 0.0085 4.01 0.9521 0.0116 8.38 0.9935 0.8127 8.01 

         

Initial  

Cd2+ 

(mg/L) 

Pseudo-first-order (MKC) Pseudo-second-order (MKC)  

K1  

(min-1) 

qe, cal 

(mg/g) 

r2 K2 

(g/mg/min) 

qe, cal 

(mg/g) 

r2 ho 

(mg/g/min) 

qe, Exp 

(mg/g) 

25 0.0042 2.69 0.9266 0.0062 6.68 0.9580 0.5295 6.17 

50 0.0066 5.85 0.9813 0.0063 13.02 0.9720 1.0717 12.14 

100 0.0091 6.64 0.8000 0.0122 25.00 0.9980 7.6104 24.41 

 

 

 

 

 

Initial 

Pb2+  

(mg/L)       

 

    Pseudo-first-order (KC)    Pseudo-second-order (KC) 

K1  

(min-1) 

qe, cal 

(mg/g) 

r2 K2 

(g/mg/min) 

qe, cal 

(mg/g) 

r2 ho 

(mg/g/min) 

qe, Exp 

(mg/g) 

25 0.0221 2.26 0.8644 0.0327 2.70 0.9918 0.2388 2.45 

50 0.0046 6.76 0.9754 0.0082 7.29 0.9675 0.4371 7.00 

100 0.0045 17.60 0.9579 0.0027 21.00 0.9426 1.1779 24.75 

         

Initial 

Pb2+  

(mg/L) 

Pseudo-first-order (MKC)  Pseudo-second-order (MKC)  

K1  

(min-1) 

qe, cal 

(mg/g) 

r2 K2 

(g/mg/min) 

qe, cal 

(mg/g) 

r2 ho 

(mg/g/min 

qe, Exp 

(mg/g) 

25 0.0056 4.03 0.9687 0.0075 9.17 0.9888 0.6265 8.58 

50 0.0055 4.55 0.9273 0.0093 22.12 0.9984 4.5620 22.00 

100 0.0021 6.90 0.8383 0.0039 35.59 0.9888 4.9358 36.41 

 

 

 



𝑑𝑞𝑡

𝑑𝑡
=  𝛼 𝑒𝑠𝑝(−𝛽𝑞𝑡)                                                                      
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Model Parameter KC (Cd) MKC (Cd) KC (Pb) MKC (Pb) 

Liquid film 

diffusion 

Kid (g/mg/min) 

r2 

0.0040 

0.9411 

0.0029 

0.9095 

0.0088 

0.9276 

0.0017 

0.8000 

      

Elovich β (g/mg) 

α (mg/g/min) 

r2 

0.8171 

6.4115 

0.9823 

0.3427 

21.6890 

0.8031 

0.6930 

32.2813 

0.9161 

0.6744 

41.4188 

0.9734 

      

Intra-particle 

diffusion 

Kid (mg/g/min1/2) 

r2 

0.4465 

0.9036 

1.3350 

0.9406 

0.6173 

0.9589 

0.5142 

0.9000 

 

  
 

 



𝐼𝑛 (1 − 𝐹) =  −𝐾𝑖𝑑𝑡                                                                     

𝐹 =  
𝑞𝑒

𝑞𝑡
                                                                                              

 

 

𝑞𝑡 =  𝐾𝑖𝑑𝑇0.5 +  𝐶

𝐼𝑛 (1 − 𝐹) =  −𝐾𝑖𝑑𝑡

𝐹 =  
𝑞𝑒

𝑞𝑡

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             

            

            

  

 

 

 

 

 

 

   
  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



𝑞𝑒 =  (
𝑅𝑇

𝑏
) 𝐼𝑛(𝐴𝐶𝑒)

𝑞𝑒 = 𝐵𝐼𝑛𝐴 + 𝐵𝐼𝑛𝐶𝑒  

𝐵 =  
𝑅𝑇

𝑏

∆ ∆

∆

𝑏𝑜 =  
𝐶𝑒

𝐶𝑜

∆𝐺𝑜 =  −𝑅𝑇𝐼𝑛𝑏𝑜

∆𝐺𝑜 =  ∆𝐻𝑜 − 𝑇∆𝑆𝑜

𝑞𝑒 =  𝐾𝑓𝐶𝑒

1

𝑛

𝑙𝑜𝑔 𝑞𝑒 =  𝑙𝑜𝑔𝐾𝑓 + 
1

𝑛
 𝑙𝑜𝑔𝐶𝑒

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

  

 

  

 

 

 

  
 

  

 
 

  

 

 

 

 

 

 

 

Freundlich model 

KC (Cd) MKC (Cd) KC (Pb) MKC (Pb) 

Kf  (mg/g) 1.9997 2.0002 2.0000 1.9981  

n 1.0000 0.9999 0.9999 1.0002  

r2 0.9998 1.0000 0.9998 1.0000  

      

Temkin 

 KC (Cd) MKC (Cd) KC (Pb) MKC (Pb)  

A 5.8892 61.3400 69.225 98.314  

B 4.8731 22.041 29.759 31.361  

b 508.4181 112.4074 83.2545 79.0017  

r2 0.9598 0.9984 0.9732 0.9960  
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∆

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cd 

T (K) 298 313 323 333 

qe (mg/g) 8.008 12.845 16.180 19.618 

∆G (kJ mol-1K-1) 0.4323 0.7726 1.0497 1.3793 

Pb 

T (K) 298 313 323 333 

qe (mg/g) 24.746 17.115 11.013 7.160 

∆G (kJ mol-1K-1) 1.6922 1.0904 0.6679 0.4280 

 

 

      

Cd 

T (K) 298 313 323 333 

qe (mg/g) 23.569 18.138 15.745 11.146 

∆G (kJ mol-1K-1) 1.6595 1.1723 1.0156 0.6982 

Pb 

T (K) 298 313 323 333 

qe (mg/g) 36.410 6.250 5.370 4.980 

∆G (kJ mol-1K-1) 3.2265 0.3474 0.3051 0.2904 

           

   

         

                            KC                                       MKC 

Parameters Cd Pb Cd Pb 

∆H (kJ mol-1) 0.1058 -0.1850 -0.1390 -0.4545 

∆S (KJ mol-1K-1) -0.0055 0.0016 -0.0001 0.0081 
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