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Table S2. Design of Experiments
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Fig. S1. Resonance forms of Methylene Blue Cation (MB+) (Ovchinnikov et al. 2016)
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[bookmark: _GoBack]Fig. S2. Hydrated (a) and Dimer (b) structures of MB (Ovchinnikov et al. 2016)
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Fig. S3: Calibration curve of MB
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Fig. S4: MB’s Spectrophotometry spectrum (10 mg/L)











	[image: ]

	(a)

	[image: ]

	(b)

	[image: ]

	(c)


Fig. S5: Walnut Shell’s Spectrophotometry spectrum (2.5 g/L), (a): type I; (b): type II; and (c): type III
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	KF = 12.29
nF = 2.68
R2 = 0.9902
Significance F = 0.06
ARE = 0.19
EABS = 7.17
χ2 = 0.46
MSPD = 12.00

	(a)
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	KF = 16.81
nF = 3.30
R2 = 0.8699
Significance F = 0.23
ARE = 0.61
EABS = 17.76
χ2 = 4.84
MSPD = 42.64

	(b)
	
	

	[image: ]
	
	KF = 33.74
nF = 2.43
R2 = 0.9998
Significance F = 0.01
ARE = 0.04
EABS = 2.19
χ2 = 0.03
MSPD = 2.53

	(c)
	
	

	Notes:
Non-linear Freundlich equation:                          
Linearized equation:                                             



Fig. S6: Non-linear Freundlich isotherm modeling of MB adsorption on Walnut Shell, (a): type I; (b): type II; and (c): type III







	[image: ]
	
	qm = 117.34
KL = 0.04
R2 = 0.9996
Significance F = 0.01
ARE = 0.25
EABS = 6.60
χ2 = 0.80
MSPD = 17.60

	(a)
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	qm = 105.30
KL = 0.07
R2 = 0.9995
Significance F = 0.01
ARE = 0.51
EABS = 14.55
χ2 = 3.67
MSPD = 35.90

	(b)
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	qm = 232.66
KL = 0.20
R2 = 0.9991
Significance F = 0.02
ARE = 0.57
EABS = 17.07
χ2 = 4.79
MSPD = 40.61

	(c)
	
	

	Notes:
Non-linear Langmuir equation:                            
Linearized equation:                                             
Average Relative Error (ARE):                            
Sum of Absolute Error (EABS):                           
Chi-square test (χ2):                                               
Marquardt’s Percent Standard Deviation:            
Where qe, measured is the experimental value while qe, calculated is the calculated value, n is the number of data points in the experiment (here = 3), and p is the number of parameters of the model (here = 2).



Fig. S7: Non-linear Langmuir isotherm modeling of MB adsorption on Walnut Shell, (a): type I; (b): type II; and (c): type III
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Fig. S8. The results of the complete sieve analysis for fines produced in the last three replicates


[image: E:\Paper\To Do\Ghorbani\Figs Tables\Fig S9.jpg]
Fig. S9. Mesh plot of MB removal efficiency for adsorbent type I with respect to adsorbent to dye ratio and WS dosage
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2

3 Walnut Shell =700*D4 70

4 0.626 1000 or 18 # =H3/3.5

5 10# 0 1759

6

7

Weigh (g) Fines (g)

Course material 

wrt control 

sieve (g)

Fines wrt control sieve 

(g)

Fines weight (g)

Fines produced per one 

revolution (G

i

) (g/rev.)

Fines to reach 

equilibrium conditions (g)

Predicted number of 

revolutions

Predicted 

circulation 

time (min.)

8 1 120 =H3 =D8*H$5/100 404 =H$3-F8 =G8-E8 =ROUND(H8/C8,2) =L$4-(G8*H$5/100) =ROUNDUP(J8/I8,0) =K8/L$3

9 2 =K8 =G8 =D9*H$5/100 368 =H$3-F9 =G9-E9 =ROUND(H9/C9,2) =L$4-(G9*H$5/100) =ROUNDUP(J9/I9,0) =K9/L$3

10 3 =K9 =G9 =D10*H$5/100 343 =H$3-F10 =G10-E10 =ROUND(H10/C10,2) =L$4-(G10*H$5/100) =ROUNDUP(J10/I10,0) =K10/L$3

11 4 =K10 =G10 =D11*H$5/100 321 =H$3-F11 =G11-E11 =ROUND(H11/C11,2) =L$4-(G11*H$5/100) =ROUNDUP(J11/I11,0) =K11/L$3

12 5 =K11 =G11 =D12*H$5/100 319 =H$3-F12 =G12-E12 =ROUND(H12/C12,2) =L$4-(G12*H$5/100) =ROUNDUP(J12/I12,0) =K12/L$3

13 6 =K12 =G12 =D13*H$5/100 294 =H$3-F13 =G13-E13 =ROUND(H13/C13,2) =L$4-(G13*H$5/100) =ROUNDUP(J13/I13,0) =K13/L$3

14 7

15 8

16 9

17 10

Bond Test worksheet (Ball Mill Grindability Test)

Iteration No. (i)

No. of grinding 

revolutions (n

i

)

Fines produced by grinding New feed entered into the mill Crushed product Calculations for the next iteration

Feed material type

Bulk density (g/mL)

Initial crushing (passed sieve #)

Weight of 700 mL feed material (M) (g)

Control sieve size (μm)

Feed material passed control sieve (m) 

(%)

Mill circulation rate (N) (rpm)

U

ideal

 (to achieve 250% circulating load) (g)

F

80

 (μm)


image2.emf
Ratio

X

i1

Dosage

(g/L)

X

i2

Mass 

Required 

(mg)

Volume from 

Stock Solution 

(mL)

1 40 1 4 1 800.0 20.0 20.0

2 40 1 1 -1 200.0 5.0 5.0

3 10 -1 4 1 800.0 80.0 80.0

4 10 -1 1 -1 200.0 20.0 20.0

5 46.21 1.41 2.5 0 500.0 10.8 10.8

6 3.79 -1.41 2.5 0 500.0 131.9 131.9

7 25 0 4.62 1.41 923.0 36.9 36.9

8 25 0 0.38 -1.41 77.0 3.1 3.1

9 25 0 2.5 0 500.0 20.0 20.0

10 25 0 2.5 0 500.0 20.0 20.0

11 25 0 2.5 0 500.0 20.0 20.0



Observation Number 

(i)

DOE (Design of Experiment) Data

ξ

i1

 = Adsorbent to 

Dye Ratio (g/g)

ξ

i2

 = Adsorbent 

Dosage

Walnut Shell 

Mass (W)

(mg in 200 

mL solution)

Dye Quantities

Calculation of Quantities in 200 mL Samples

X i 1 =  ξ i 1 -   ൬ max ξ i 1 + min ξ i 1 2 ൰ ൬ max ξ i 1 -   min ξ i 1 2 ൰ =  ξ i 1 -   25 15   X i 2 =   ξ i 2 -   2.5 1.5  


