

Table 1. Adsorption acceleration and velocity parameters for the first and second region and related  and  values obtained from analysis of some adsorption processes by the KASRA model
	

 Symbol
	

Adsorption process
	
First region
	
	
	
Second region
	

	
	
	


	


	


	


	


	


	
Ref.

	
A
	
Adsorption of oxalic acid on animal charcoal at 308 K
	
0
	
9.0×10−3
	
10
	
0.02
	
–2.0×10−5
	
2.0×10−2
	
 23

	B
	Adsorption of natural dissolved organic matter
 (in terms of DOC) by multiwalled carbon nanotubes
 at 5 ˚C
	0
	0.33
	5.3
	1.4
	–6.7×10−5
	8.7×10−3
	24

	C
	Adsorption of natural dissolved organic matter
 (in terms of AOC) by multiwalled carbon nanotubes
 at 5 ˚C
	–2.0×10−4
	5.2×10−3
	20.3
	0.08
	–1.2×10−5
	9.2×10−4
	24

	D
	Adsorption of direct yellow12 on coconut shell activated carbon
	–0.02
	1.46
	10
	14.9
	–1.4×10−4
	1.49
	25

	E
	Adsorption of basic blue 3 onto sphagnum
 agellanicum peat
	0
	9.75
	1.2
	11.7
	–3.6×10−2
	0.54
	26

	F
	Adsorption of reactive red 239 from aqueous solution by chitosan 8B
	–0.17
	0.61
	10
	9.6
	–4.0×10−3
	0.24
	27

	G
	Adsorption of methylene blue on activated carbon obtained from waste Elaeagnus stone
	0
	13.90
	10.3
	143.4
	–3.8×10−2
	2.88
	28

	H
	Adsorption of malachite green on activated carbon obtained from waste Elaeagnus stone
	0
	20.90
	9.6
	200.7
	–5.6×10−2
	4.75
	28

	I
	Adsorption of rhodamine B on activated carbon obtained  from waste Elaeagnus stone
	0
	14.27
	10.3
	147.0
	–2.4×10−2
	2.30
	28

	J
	Adsorption of methyl orange on banana peel*
	0
	0.16
	5
	0.8
	–4.0×10−3
	0.27
	29


	
Table 1 continued
	

 Symbol
	

                 Adsorption process
	
  First region
	
	
	
Second region
	

	
	
	


	


	


	


	


	


	

Ref.

	
K
	
Adsorption of methylene blue on orange peel*
	
0
	
0.30
	
5
	
1.5
	
–0.01
	
0.45
	
29

	L
	Adsorption of  methylene blue on poly(acrylic acid) 
(PAA)-based super-adsorbent nanocomposite hydrogel
	0
	5.72
	12.8
	73.2
	–8.4×10−2
	10.45
	30

	M
	Adsorption of remazol Y onto steam-activated carbons developed from date pits at pH=3 and 37 ˚C
	0
	24.52
	1.7
	41.7
	–0.12
	2.03
	31

	N
	
Adsorption of methylene blue onto steam-activated 
carbons developed from date pits at pH=5 and 27 ˚C
	0
	88.58
	1.2
	106.3
	–8.8×10−2
	2.95
	31

	O
	Adsorption of acid red on corn stalks modified bycetylpyridinium bromide at 328 K
	0
	2.03
	3.5
	7.1
	–4.0×10−3
	0.26
	32

	P
	Adsorption of acid orange on corn stalks modified bycetylpyridinium bromide at 318 K
	0
	2.28
	5.6
	10.5
	–2.0×10−3
	0.15
	32

	Q
	Adsorption of malachite green on seeds of dates at 
15 ˚C
	–0.60
	6.75
	14.2
	92.5
	–0.39
	12.64
	33

	R
	Adsorption of methylene blue on nanocrystalline cellulose at 318 K and 80 rpm and 0.045 mM methylene blue
	–4.4×10−2
	0.21
	10
	2.8
	–8.7×10−4
	0.08
	19




















Units of and  were in mg g-1 hour-2,  and  were in mg g-1 hour-1 and  and  were in hour and mg g-1 in example L and  and  were in μmol g-1 min-2,  and  were in μmol g-1 min-1 and  and  were in min and μmol g-1 in example F, respectively. In other cases,  and  were in mg g-1 min-2,  and  were in mg g-1 min-1 and  and  were in min and mg g-1, respectively. *In examples J and K, TD values were 2.5 and 2 min before starting adsorption process, respectively.




Table 2. Non-ideal adsorption acceleration and velocity parameters for the first and second curves and related  and  values obtained from analysis of some adsorption processes by the NIPPON equation
	

 Symbol
	

                             Adsorption process
	  
        First curve
	
	   
  Second curve
	

	
	
	


	


	


	


	


	


	
Ref.

	
A
	
Adsorption of oxalic acid on animal charcoal at 308 K
	
–0.01
	
0.01
	
–
	
–
	
–
	
–
	
23

	B
	Adsorption of natural dissolved organic matter (in terms of DOC) by multiwalled carbon nanotubes at 5 ˚C
	0
	0.33
	5.3
	1.4
	–0.005
	0.03
	24

	C
	Adsorption of natural dissolved organic matter (in terms of AOC) by multiwalled carbon nanotubes at 5˚C
	0.035
	–0.035
	–
	–
	–
	–
	24

	D
	Adsorption of direct yellow12 on coconut shell activated carbon
	0
	1.49
	20
	30.2
	–0.46
	5.02
	25

	E
	Adsorption of basic blue 3 onto sphagnum agellanicum
 peat
	0
	9.75
	1.2
	11.7
	–0.59
	1.29
	26

	F
	Adsorption of reactive red 239 from aqueous solution by chitosan 8B
	–4.18
	4.18
	–
	–
	–
	–
	27

	G
	Adsorption of methylene blue on activated carbon obtained from waste Elaeagnus stone
	–17.88
	17.88
	–
	–
	–
	–
	28

	H
	Adsorption of malachite green on activated carbon obtained from waste Elaeagnus stone
	–19.07
	19.07
	–
	–
	–
	–
	28

	I
	Adsorption of rhodamine B on activated carbon obtained  from waste Elaeagnus stone
	–17.54
	17.54
	–
	–
	–
	–
	28

	J
	Adsorption of methyl orange on banana peel*
	0
	0.16
	5
	0.8
	–0.10
	0.61
	29




Table 2 continued
		

 Symbol
	

Adsorption process
	  
          First curve
	
	   
Second curve
	

	
	
	


	


	


	


	


	


	
Ref.




	
K
	
Adsorption of methylene blue on orange peel*
	
0
	
0.30
	
5
	
1.5
	
–0.15
	
0.88
	
29

	L
	Adsorption of  methylene blue on poly(acrylic acid) 
(PAA)-based super-adsorbent a nocomposite hydrogel
	0
	5.72
	12.8
	73.2
	–1.51
	20.79
	30

	M
	Adsorption of remazol Y onto steam-activated carbons developedfrom date pits at pH=3 and 37 ˚C
	0
	24.52
	1.7
	41.7
	–1.47
	3.96
	31

	N
	
Adsorption of methylene blue onto steam-activated 
carbons developed from date pits at pH=5 and 27 ˚C
	0
	88.58
	1.2
	106.3
	–5.15
	11.32
	31

	O
	Adsorption of acid red on corn stalks modified by cetylpyridinium bromide at 328 K
	0
	2.03
	3.5
	7.1
	–0.14
	0.63
	32

	P
	Adsorption of acid orange on corn stalks modified by cetylpyridinium bromide at 318 K
	0
	2.28
	5.6
	10.5
	–0.05
	0.31
	32

	Q
	Adsorption of malachite green on seeds of dates at 
15 ˚C
	–56.61
	56.61
	–
	–
	–
	–
	33

	R
	Adsorption of methylene blue on nanocrystalline cellulose at 318 K and 80 rpm and 0.045 mM methylene blue
	–1.34
	1.34
	–
	–
	–
	–
	19






















Units of  and  were in mg g-1 hour-2,  and  were in mg g-1 hour-1 and  and  were in hour and mg g-1 in example L and  and  were in μmol g-1 min-2,  and  were in μmol g-1 min-1 and  and  were in min and μmol g-1 in example F, respectively. In other cases,  and  were in mg g-1 min-2,  and  were in mg g-1 min-1 and  and  were in min and mg g-1, respectively. *In examples J and K, TD values were 2.5 and 2 min, and thus for first curve,  and  min were used in Eqs. (10) and (11), respectively. Subscripts fc, sc and tc are abbreviations for starting first curve and starting second curve, respectively.
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Table 3. TRAKs for adsorption of  on Co-Al-LDH in 0.1 M NaCl and acidic             and alkaline solutions at 308–328 K
	
Solvent
	
T
	

	
rpm
	


	

	


	
      

	
	(K)
	(mM)
	
	(min-min)
	(mg g-1)
	(min)
	 (mg g-1)

	
0.1 M NaCl*
	
318
	
0.5
	
100
	
300–360
	
141.4–141.7
	
1290
	
316.3

	 pH=2.8**
	318
	0.5
	100
	60–90
	82.5–85.7
	1290
	278.3

	   pH=12*
	318
	0.5
	100
	180–420
	178.3–185.4
	  660
	273.6

	pH=14**
	318
	0.5
	100
	  > 0.5–180
	112.2–110.1
	 930
	216.6



 is the observed TRAKs between the first and second kinetic curves. *TRAK appeared at the

 end of ME sites range. **TRAK was in the time range of ME sites.  is the time of reaching equilibrium.
































Table 4. Experimental , , , ,  and  values and coefficients obtained from the KASRA equation and values of intraparticle diffusion equation for kinetics of  adsorption on Co-Al-LDH at different temperatures and in various shaking rates and initial  concentrations
	
Solvent
	
T
	

	
rpm
	


	
KASRA region 1 (1st curve)
	
   KASRA region 2 (1st curve)
	
KASRA region 2 (2nd curve)

	
	
(K)
	
(mM)
	
	
	

	

	

	
 
	

	

	

	

	

	

	


	
         Corresponding to:
	
                       ARIAN region I (ME Site)
	
       ARIAN section IIA (ME Site)
	
ARIAN section IIB (MI Site)

	
Water
	
318
	
0.25
	
100
	
(1350,177.7)
	
–2.0×10-2
	
1.00
	
4.7
	
(30,20.9)
	
–9.9×10-5
	
0.18
	
5.2
	
–
	
–
	
–
	
–

	
	308
	0.50
	100
	(1470,160.0)
	–1.3×10-3
	0.39
	4.1
	(300,59.7)
	–1.9×10-4
	0.13
	3.8
	(780,100.3)
	–8.5×10-5
	0.18
	  5.8

	
	318
	0.50
	100
	(1650,275.6)
	–2.3×10-2
	1.42
	6.8
	(60,43.7)
	–2.1×10-3
	0.54
	7.4
	(300,113.2)
	–1.4×10-4
	0.25
	  6.8

	
	328
	0.50
	100
	(1110,266.7)
	–4.2×10-2
	1.58
	6.8
	(30,27.3)
	–3.6×10-3
	0.95
	12.3
	(240,148.0)
	–2.3×10-4
	0.31
	  7.6

	
	318
	0.70
	100
	(1350,319.3)
	–6.8×10-2
	2.55
	8.5
	(30,46.3)
	–3.2×10-3
	0.59
	8.7
	(180,99.5)
	–2.9×10-4
	0.36
	10.2

	
	318A    0.50
	  70      
	(1290,281.1)   
	–1.6×10-2
	1.15
	5.9
	(60,38.6)
	–1.0×10-3
	0.50
	8.2
	(420,142.6)
	–3.6×10-4
	0.31
	10.3

	
	318B    0.50
	  40
	(1470,293.7) 
	–4.2×10-3
	0.82
	6.9
	(120,58.7)
	–6.1×10-4
	0.30
	6.7
	(420,123.8)
	–2.9×10-4
	0.30
	11.2

	0.1M NaCl
	318
	0.50
	100
	(1290,316.3)
	–0.46
	4.76
	10.2
	(10,25.0)
	–1.7×10-3
	0.65
	6.7
	C(360,141.7)
	–3.1×10-4
	0.33
	11.3

	pH=2.8
	318
	0.50
	100
	(1290,278.3)    –2.9×10-2
	2.24
	10.8
	D(90,85.7)
	–2.0×10-4
	0.29
	7.3
	–
	–
	–
	–

	pH=3.8
	318
	0.50
	100
	(780,293.3)
	–6.8×10-2
	4.03
	18.3
	(60,120.4)
	–9.3×10-4
	0.55
	11.2
	–
	–
	–
	–

	pH=12
	318
	0.50
	100
	(660,273.6)
	–0.19
	5.53
	14.1
	(30,82.6)
	–8.2×10-3
	1.21
	11.6
	E(420,185.4)
	–8.1×10-4
	0.46
	16.8

	pH=13
	308
	0.50
	100
	(1110,289.4)
	–6.3×10-3
	1.14
	9.1
	(180,107.2)
	–4.8×10-4
	0.42
	11.6
	–
	–
	–
	–

	pH=13
	318
	0.50
	100
	(1470,315.7)
	–6.6×10-3
	1.16
	9.4
	(180,103.8)
	–2.2×10-4
	0.30
	8.8
	–
	–
	–
	–

	pH=13
	328
	0.50
	100
	(930,309.5)
	–8.2×10-3
	1.51
	17.4
	(120,122.7)
	–1.0×10-3
	0.58
	12.1
	–
	–
	–
	–

	pH=14
	318
	0.50
	100
	(930,216.6)
	Very fast (0.5 min < )F 
	(180,110.1)
	–4.8×10-4
	0.31
	7.7
	–
	–
	–
	–
















Units of , and  are in mg g-1 min-2 and those of ,  and  are in mg g-1 min-1, respectively. Units of ,  and   are in min and those of ,  and  are in mg g-1, respectively. In region 1,  and  are equal to zero. A and B refer to cases that there were TDs at 4 and 5 min before starting adsorption process, respectively. C, D, E and F refer to TRAKs in the range of 300–360, 60–90, 180–420 and >0.5–180 min, respectively. 
Table 5. Coefficients of region 1 and region 2 (parts 2a and 2b) of the ISO equation for kinetics of  adsorption on different sites of Co-Al-LDH at 308–328 K
	
Solvent
	
  T
	

	
rpm       
	
      
	
                                      
	


	
	
  (K)     (mM)
	
	
                     (min,mg g-1)                    (min,mg g-1)                    (mM,min,mg g-1)                        (min,mg g-1)                        (mM,min,mg g-1)

	
                Corresponding to:        
	
                            ARIAN region I and section IIA (ME Site)
	
         ARIAN section IIB (MI Site)

	
Water
	
318
	
0.25
	
100
	
3562
	
(30,20.9)
	
130
	
(360,76.7)
	
 2803
	
(0.025,1350,177.7)
	
–
	
–
	–
	–

	
	308
	0.50
	100
	645
	(300,59.7)
	  –
	–
	 1075
	(0.37,780,100.3)
	 1022      (1290,151.1)
	3227
	(0.30,1470,160.0)

	
	318
	0.50
	100
	1841
	(90,43.7)
	  –
	–
	 3745
	(0.36,300,113.2)
	1743
	(930,220.4)
	3155
	(0.15,1650,275.6)

	
	328
	0.50
	100
	2699
	(90,27.3)
	  –
	–
	 6391
	(0.31,240,148.0)
	2188
	(540,212.2)
	7842
	(0.15,1110,275.6)

	
	318
	0.70
	100
	3571
	(15,31.5)
	  –
	–
	 2805
	(0.5,180,99.5)
	1317
	(660,230.7)
	4052
	(0.31,1350,316.3)

	
	318A     0.50
	  70
	1785
	(240,108.1)
	  –
	–
	 5082
	(0.32,420,142.6)
	2729
	(660,208.1)
	6042
	(0.14,1290,281.1)

	
	318B     0.50
	  40
	1731
	(300,101.6)
	  –
	–
	 2164
	(0.34,420,123.8)
	2155
	(600,178.7)
	5727
	(0.13,1470,293.7)

	0.1M NaCl
	318
	0.50
	100
	2467
	(180,106.9)
	  –
	–
	 9031
	C(0.32,300,141.4)
	3176
	(780,250.2)
	14292
	(0.10,1290,316.3)

	pH=2.8
	318
	0.50
	100
	4708
	   (30,56.7)D              
	2072  
	(660,223.4)
	 7156
	(0.15,1290,278.3)
	–
	–
	–
	–

	pH=3.8
	318
	0.50
	100
	6836
	    (60,120.4)
	4557      
	(360,252.2)
	 9114
	(0.13,780,293.3)
	–
	–
	–
	–

	pH=12
	318
	0.50
	100
	7866
	     (60,112.9)           –
	–
	12461
	  E(0.29,180,178.3)
	5550
	(540,229.0)
	31450
	(0.15,660,273.6)

	pH=13
	308
	0.50
	100
	1607
	  (180,107.2)
	–
	–
	3638
	(0.13,1110,289.4)
	–
	–
	–
	–

	pH=13
	318
	0.50
	100
	2348
	(420,168.7)
	–
	–
	18820
	(0.04,1470,315.7)
	–
	–
	–
	–

	pH=13
	328
	0.50
	100
	4859
	   (480,263.8)
	  –
	–
	18006
	(0.11,930,309.5)
	–
	–
	–
	–

	pH=14
	318
	0.50
	100
	     –      (0.36,0.5<,112.2)F    3358     (540,194.4)
	 6427
	(0.23,930,216.6)
	–
	–
	–
	–






 ,  and  are  concentration, time and adsorption capacity at the end of the adsorption on ME site, respectively (corresponding to ,  and  on MI site). ,  and  are  concentration, time and adsorption capacity at the beginning of the plateau, respectively. Units of  ,  and  are in mg g-1 M-1 min-1. A and B refer to cases that there were TDs at 4 and 5 min before starting adsorption process, respectively. C, D, E and F refer to TRAKs in the range of 300–360, 60–90, 180–420 and >0.5–180 min, respectively.

	
Solvent
	
T
	

	
rpm
	


	
     
     NIPPON curve 1
	
              
 NIPPON curve 2 
	

NIPPON curve 3 

	
	
(K)
	
(mM)
	
	
	

	

	

	

	

	

	

	


	
Water
	
318
	
0.25
	
100
	
(1350,177.7)
	
–2.7×10-2
	
1.07
	
(16,12.6)
	
–5.9×10-2
	
1.01
	
(241,61.1)
	
–1.2×10-3
	
0.29

	
	308
	0.50
	100
	(1470,160.0)
	–4.0×10-3
	0.49
	(90,28.3)
	–4.0×10-3
	0.36
	(780,100.3)
	–1.6×10-4
	0.12

	
	318
	0.50
	100
	(1650,275.6)
	–2.5×10-2
	1.44
	(30,31.4)
	–4.7×10-2
	1.45
	(300,113.2)
	–1.1×10-3
	0.32

	
	328
	0.50
	100
	(1110,266.7)
	0
	1.09
	(5,5.5)
	–0.38
	2.29
	(30,27.3)
	–7.6×10-2
	2.35

	
	318
	0.70
	100
	(1350,319.3)
	–0.25
	3.41
	(5,12.7)
	–0.72
	4.29
	(180,99.5)
	–3.4×10-4
	0.06

	
	318A    0.50
	  70
	(1290,281.1)
	–0.62
	3.08
	(60,38.9)
	–1.5×10-2
	0.91
	(420,142.6)
	–7.3×10-4
	0.31

	
	318B    0.50
	  40
	(1470,293.7)
	–8.8×10-3
	0.97B
	(30,21.1)
	–0.04
	1.29
	(420,123.8)
	–7.8×10-4
	0.33

	0.1M NaCl
	318
	0.50
	100
	(1290,316.3)
	–13.89
	13.89
	(60,58.6)
	–1.4×10-2
	0.88
	C(360,141.7)
	–1.0×10-3
	0.38

	pH=2.8
	318
	0.50
	100
	(1290,278.3)
	0
	1.08
	(2,2.2)
	–2.92
	8.77
	D(90,85.7)
	–8.9×10-3
	0.81

	pH=3.8
	318
	0.50
	100
	(780,293.3)
	–11.32
	11.32
	(5,20.4)
	–1.25
	7.50
	(90,120.4)
	–0.02
	1.21

	pH=12
	318
	0.50
	100
	(660,273.6)
	–21.39
	 21.39
	 (15,59.6)
	–0.20
	3.13
	E(420,185.4)      
	  –1.1×10-3
	0.46

	pH=13
	308
	0.50
	100
	(1110,289.4)
	0
	1.28
	(30,38.2)
	–4.1×10-2
	1.28
	(180,170.2)
	–3.5×10-3
	0.64

	pH=13
	318
	0.50
	100
	(1470,315.7)
	–4.35
	4.35
	(10,10.6)
	–0.28
	3.11
	(180,103.8)
	–3.3×10-3
	0.59

	pH=13
	328
	0.50
	100
	(930,309.5)
	0
	0.89
	(30,26.8)
	    –0.10
	2.99
	–
	–
	–

	pH=14
	318
	0.50
	100
	(930,216.6)
	       Very fastF
	(180,110.1)
	–2.2×10-3
	0.41
	–
	–
	–


Table 6. Non-ideal adsorption acceleration and velocity parameters for the first, second and third curves obtained from the NIPPON equation for kinetics of  adsorption on the surface of Co-Al-LDH at 308–328 K

















A and B refer to cases that there are TDs at 4 and 5 min before starting adsorption process and thus for first curve 1,  and  min were used in Eqs. (10) and (11), respectively. C, D, E and F refer to TRAKs in the range of 300–360, 60–90, 180–420 and >0.5–180 min, respectively. Units of ,  and  are in mg g-1 min-2 and those of ,  and  are in mg g-1 min-1. Units of ,  and  are in min and those of ,  and  are in mg g-1. Subscripts fc, sc and tc are abbreviations for starting first curve, starting second curve and starting third curve, respectively.

Table 7. Coefficients of the Elovich equation for adsorption of  adsorption on the surface of ME sites of Co-Al-LDH in various shaking rates and initial  concentrations and media at 308–328 K
	
Solvent
	
T
	

	
       rpm
	

        
	  

         
	    

        

	
	
         (K)
	
      (mM)
	
	(mg g-1 min-1)
	(g mg-1)
	

	
Water
	
318
	
0.25
	
100
	
2.96
	
0.037
	
0.80

	
	308
	0.50
	100
	1.01
	0.037
	0.95

	
	318
	0.50
	100
	4.01
	0.037
	0.94

	
	328
	0.50
	100
	4.73
	0.027
	0.92

	
	318
	0.70
	100
	8.22
	0.046
	0.96

	
	  318A
	        0.50
	70
	–
	–
	–

	
	  318B
	 0.50
	40
	–
	–
	–

	0.1M NaCl
	318
	0.50
	100
	7.92
	0.037
	0.89

	pH=2.8
	318
	0.50
	100
	7.91
	0.022
	0.92

	pH=3.8
	318
	0.50
	100
	13.56
	0.019
	0.96

	pH=12
	318
	0.50
	100
	15.83
	0.023
	0.93

	pH=13
	308
	0.50
	100
	2.81
	0.014
	0.94

	pH=13
	318
	0.50
	100
	4.30
	0.018
	0.88

	pH=13
	328
	0.50
	100
	3.45
	0.011
	0.99

	pH=14
	318
	0.50
	100
	Very fast (0.5 min < )



A and B refer to cases that there were TDs at 4 and 5 min before starting adsorption process, respectively. 



















Table 8. Experimental , ,  and values and coefficients obtained from the KASRA equation and  values of intraparticle diffusion equation for kinetics of  adsorption on MoS2 at different temperatures and in various shaking rates and initial  concentrations and media
	
Solvent
	
     T      rpm
	


	
KASRA region 1
	
KASRA region 2

	
	
   (K)
	
(mM)
	
	
	

	

	

	

	

	

	


	
         Corresponding to:
	
ARIAN region I
	
ARIAN region II

	
Water
	
 318
	
0.25
	
100
	
(90,149.6)
	
–0.04
	
3.57
	
21.0
	
–
	
–
	
–
	
–

	
	 308
	0.50
	100
	(180,164.2)
	
–0.06
	
2.14
	
  7.0
	
(30,39.1)
	–2.0×10-2
	2.41
	22.7

	
	 318
	0.50
	100
	(120,273.2)
	–0.11
	4.67
	22.5
	(30,91.9)
	–1.2×10-2
	2.51
	30.7

	
	328
	0.50
	100
	(90,313.4)
	–0.54
	11.0
	21.9
	(20,119.9)
	–2.2×10-2
	3.56
	38.9

	
	318
	0.75
	100
	(120,335.6)
	–0.23
	8.34
	33.9
	 (30,145.1)
	–1.2×10-2
	2.72
	34.3

	
	318A
	0.50
	  70
	(180,125.5)
	–0.05
	1.90
	8.70
	(20,15.0)
	–1.0×10-2
	1.65
	15.6

	
	318B
	0.50
	  40
	(120,90.1)
	–0.006
	1.24
	12.3
	–
	–
	–
	–

	0.1M NaCl
	 318
	0.50
	100
	(120,196.9)
	–0.07
	2.52
	9.80
	 (30,44.1)
	–0.03
	3.25
	34.3

	pH=1
	 318
	0.50
	100
	(120,272.0)
	–0.72
	13.2
	27.8
	 (20,119.6)
	–1.4×10-2
	2.31
	23.4

	pH=2
	 318
	0.50
	100
	(60,258.3)
	–0.11
	7.53
	41.8
	 (20,128,9)
	–2.6×10-2
	3.87
	39.8

	pH=11
	 318
	0.50
	100
	(60,76.0)
	–0.016
	1.57
	10.4
	–
	–
	–
	–

	pH=12
	 318
	0.50
	100
	(20,241.5)
	0.00
	18.0
	62.2
	(7, 128.3)
	–1.27
	16.9
	62.5












Units of  andare in mg g-1 min-2 and those of  and  are in mg g-1 min-1. Units of  and  are in min and those of  and  are in mg g-1. In region 1,  and  are equal to zero. A and B refer to cases that there are TDs at 7.5 and 10 min before starting adsorption process, respectively.
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Table 9. Coefficients of region 1 and region 2 (parts 2a and 2b) of the ISO equation for kinetics of  adsorption on MoS2 at different temperatures and in various shaking rates and initial  concentrations and media
	
Solvent
	
  T
	

	
rpm          
	
     
	
                          (

	
	
  (K)      (mM)
	
	
                   (min,mg g-1)                  (min,mg g-1)                      (mM,min,mg g-1)                        

	
                Corresponding to:        
	
     ARIAN region I
	
                            ARIAN region II

	
Water
	
318
	
0.25
	
100
	
   27718
	
–
	
–
	
–
	
–
	
   (0.11,90,149.6)

	
	308
	0.50
	100
	   2287
	(30,39.1)
	–
	–
	   5363
	  (0.34,180,164.2)

	
	318
	0.50
	100
	  7623
	(30,91.9)
	–
	–
	16517
	  (0.22,120,273.2)

	
	328
	0.50
	100
	  9286
	(20,111.9)
	–
	–
	27857
	   (0.20,90,313.4)

	
	318
	0.75
	100
	  8558
	(30,145.1)
	–
	–
	13226
	   (0.43,120,335.6)

	
	318A
	0.50
	  70
	  1977
	(20,15.0)
	–
	–
	  4284
	   (0.38,180,125.5)

	
	318B
	0.50
	  40
	  1522
	–
	–
	–
	–
	    (0.42,120,90.1)

	0.1M NaCl
	318
	0.50
	100
	  2832
	(30,44.1)
	–
	–
	13454
	   (0.28,120,196.9)

	pH=1
	318
	0.50
	100
	  13499
	(20,119.6)
	–
	–
	14624
	   (0.24,120,272.0)

	pH=2
	318
	0.50
	100
	  25348
	(20.0,128.9)
	–
	–
	35488
	    (0.26,60,258.3)

	pH=11
	318
	0.50
	100
	   7993
	–
	–
	–
	–
	     (0.43,60,76.0)

	pH=12
	318
	0.50
	100
	  88376
	  (7,128.3)
	      –
	     –
	  239706
	  (0.20,20,241.5)








A and B refer to cases that there are TDs at 7.5 and 10 min before starting adsorption process, respectively. ,  and  are  concentration, time and adsorption capacity at the beginning of the plateau respectively. Units of  ,  and  are in mg g-1 M-1 min-1.
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Table 10. Non-ideal adsorption acceleration and velocity parameters for the first, second and third curves obtained from the NIPPON equation for kinetics of  adsorption on the surface of MoS2 at 308–328 K
	
Solvent
	
T
	

	
rpm
	


	
    
    NIPPON curve 1
	
              
 NIPPON curve 2 
	

NIPPON curve 3 

	
	
(K)
	
(mM)
	
	
	

	

	

	

	

	

	

	


	
Water
	
318
	
0.25
	
100
	
(90,149.6)
	
–17.02
	
17.02
	
(10,40.5)
	
–0.46
	
5.01
	
–
	
–
	
–

	
	308
	0.50
	100
	(180,164.2)
	0
	3
	(5,15.0)
	–1.24
	7.4
	(30,91.9)
	–0.13
	3.99

	
	318
	0.50
	100
	(120,273.2)
	0
	2.05
	(10,20.5)
	–0.15
	1.61
	(30,39.1)
	–0.10
	2.99

	
	328
	0.50
	100
	(90,313.4)
	–36.1
	36.1
	(20,111.9)
	–0.30
	6.27
	–
	–
	–

	
	318
	0.75
	100
	(120,335.6)
	–6.64
	6.64
	(5,33.2)
	–2.10
	12.57
	(45,191.0)
	–0.07
	3.18

	
	318
	0.50
	  70
	(180,125.5)
	–0.21A
	1.76A
	(20,15.0)
	–0.12
	2.56
	–
	–
	–

	
	318
	0.50
	  40
	(120,90.1)
	–0.17B
	1.90B
	(30,22.3)
	–0.05
	1.61
	–
	–
	–

	0.1M NaCl
	318
	0.50
	100
	(120,196.9)
	–2.23
	2.23
	(10,22.3)
	–0.17
	1.92
	(30,44.1)
	–0.12
	3.85

	pH=1
	318
	0.50
	100
	(120,272.0)
	–39.6
	39.6
	(20,119.6)
	–0.19
	3.97
	–
	–
	–

	pH=2
	318
	0.50
	100
	(60,258.3)
	–7.17
	7.17
	(5,35.9)
	–2.07
	12.40
	(20,138.9)
	–0.28
	5.85

	pH=11
	318
	0.50
	100
	(60,76.0) 
	–2.76
	2.76
	(10,27.6)
	–0.24
	2.62
	–
	–
	–

	pH=12
	318
	0.50
	100
	(20,241.5)
	–36.71
	36.71
	(3,50.9)
	–7.46
	29.85
	–
	–
	–




















A and B refer to cases that there are TDs at 7.5 and 10 min before starting adsorption process, respectively and thus for curve 1,  and  min were used in Eqs. (10) and (11), respectively. Units of ,  and  are in mg g-1 min-2 and those of ,  and  are in mg g-1 min-1. Units of ,  and  are in min and those of ,  and  are in mg g-1. Subscripts fc, sc and tc are abbreviations for starting first curve, starting second curve and starting third curve, respectively.
Table 11. Coefficients of the Elovich equation for adsorption of  adsorption on the surface of MoS2 in various shaking rates and initial  concentrations and media at 308–328 K
	
Solvent
	
T
	

	
       rpm
	

        
	  

         
	    

        

	
	
         (K)
	
      (mM)
	
	(mg g-1 min-1)
	(g mg-1)
	

	
Water
	
318
	
0.25
	
100
	
13.2
	
0.022
	
0.96

	
	308
	0.50
	100
	13.3
	0.013
	0.92

	
	318
	0.50
	100
	5.51
	0.017
	0.93

	
	328
	0.50
	100
	18.9
	0.001
	0.95

	
	318
	0.75
	100
	20.8
	0.011
	0.96

	
	318A
	0.50
	70
	–
	–
	–

	
	318B
	0.50
	40
	–
	–
	–

	0.1M NaCl
	318
	0.50
	100
	6.70
	0.013
	0.88

	pH=1
	318
	0.50
	100
	24.7
	0.015
	0.97

	pH=2
	318
	0.50
	100
	21.9
	0.011
	0.97

	pH=11
	318
	0.50
	100
	4.70
	0.037
	0.96

	pH=12
	318
	0.50
	100
	54.4
	0.009
	0.99



A and B refer to cases that there are TDs at 7.5 and 10 min before starting adsorption process, respectively.
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