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Appendix C 

Table C. 1. Sub-criteria to score intermediate parameters  

 

 

 

 

 

 

 

 

 

Transformation Qualitative values weights 

 
very high 9   

Aggregation high 7   

medium 5   
low 3   

very low 2   

extreme low/none 1   

Dissolution extreme low/none 1 
very low 2 
low 3 
medium 4 
high 5 
very high 6 

Diss Final extreme low/none 1  

 very low 2 

 low 3 

 medium 5   

 high 7   

 very high 9   

Stabilisation extreme low/none 1  
 very low 2 
 low 3 
 medium 5   
 High 7   
 very high 9   
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Appendix D 

 

Table D. 1. Samples of linguistic rules to estimate different outputs   

Rules IF AND AND THEN 

 Input MF Input MF Input MF Output MF (weights) 

Linguistic rules for estimating the WC-driven aggregation (WCA) 

R1 

R2 

R27 

NOM  

NOM  

NOM  

low 

low 

moderate 

pH 

pH 

pH 

high 

low 

low 

IS 

IS  

IS 

low 

low 

low 

WCA  

WCA  

WCA 

low (1) 

high(1) 

moderate (0.5) 

Linguistic rules for PC-driven aggregation (PCA) 

R1 Coating  low ZP low Size  low PCA high(1) 

R2 Coating moderate ZP low Size low PCA  moderate (1) 

R27 Coating high ZP low Size  low PCA  low (0.50) 

Linguistic rules for effective aggregation (EA) 

R1 WCA low PCA moderate - - EA low (1) 

R7 WCA very high PCA high - - EA low (0.75) 

R25 WCA very high PCA very high - - EA very high(1) 

Linguistic rules for collision efficiency (CE) 

R1 EA   
low 

EC high - - CE low (1) 

R7 EA   high EC high - - CE very high (1) 

R25 EA   very high EC low - - CE low (1) 

Linguistic rules for dispersion using ionic quantity (IQ) and particle quantity (PQ) 

R1 IQ high PQ low - - Dispersion very low (1) 

R7 IQ low PQ high - - Dispersion high (1) 

R36 IQ very high PQ very low - - Dispersion extremely low(1) 
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Table D. 2. Membership function and respective values of intermediate input variables 

Intermediate Range Mfs Fuzzy numbers  

EA, ES, ED [0 1] Very Low  

Low 

Moderate  

High  

Very high 

(0, 0, 0.1, 0.2) 

(0.1, 0.3, 0.4) 

(0.35, 0.5, 0.6) 

(0.55, 0.7, 0.9) 

(0,8 0,9, 1, 1) 

CE, PQ, IQ 

 

[0 1] Extreme low 

Very Low 

Low 

Moderate 

High 

Very high 

 

(0, 0, 0.1, 0.2) 

(0.1, 0.2, 0.35) 

(0.25, 0.40, 0.55) 

(0.45, 0.55, 0.70) 

(0.60, 0.75, 0.9) 

(0,8 0,9, 1, 1) 

 

 

 

 

Figure D. 1. Mamdani fuzzy inference system (FIS) editor showing inputs for WCA  
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Figure D. 2. FIS editor for estimating the EA based on WCA and PCA as inputs. 

 

 
 

Figure D. 3. Rule viewer for estimating the EA based on WCA and PCA as inputs. 

WCA 

EA 

PCA 

EA= 0.363 PCA= 0.627 WCA= 0.181 
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Table D. 3.  Fuzzy sets for the crisp inputs  

Example 

No. 

µTime (1) µSolubility (2) µEC (3) µCoating (4) µSize (5) µZP (6) 

Low Moderate High Low 
Moderat

e 
High Low Moderate High Low Moderate High Small Moderate Large Low 

Moderat

e 
High 

1Zn 1.00 0 0 0 0 1.00 1.00 0 0 1.00 0 0 0.50 0.33 0 0 0.31 0.69 

2Zn 1.00 0 0 0 0 1.00 1.00 0 0 1.00 0 0 0.50 0.33 0 0 0.31 0.69 

3Zn 1.00 0 0 0 0 1.00 1.00 0 0 0 0 1.00 0.50 0.33 0 0 0.31 0.69 

4Zn 1.00 0 0 0 0 1.00 1.00 0 0 0 1.00 0 0.50 0.33 0 0 0.31 0.69 

5Zn 1.00 0 0 0 0 1.00 1.00 0 0 1.00 0 0 0.50 0.33 0 0 0.31 0.69 

6Zn 0 0 1.00 0 0 1.00 1.00 0 0 1.00 0 0 0.50 0.33 0 0 0.31 0.69 

µNOM (7) µpH (8) µIS (9)       

low 
Moderat
e 

High low Moderate High Low Moderate High           

0 0.90 0.05 1.00 0 0 0.78 0.15 0           
0 0.90 0.05 1.00 0 0 0 0 1.00           
1.00 0 0 1.00 0 0 0.78 0.15 0           
1.00 0 0 1.00 0 0 0.78 0.15 0           
1.00 0 0 0 0.75 0 0.78 0.15 0           
1.00 0 0 0 0.75 0 0.78 0.15 0           
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Table D. 4. Fuzzy sets for the crisp inputs 

Exam

ple 

No. 

µTime (1) µSolubility (2) µEC (3) µCoating (4) µSize (5)  µZP (6) 

Low 
Moderat

e 
High Low Moderate High Low 

Moderat

e 
High Low Moderate High Small Moderate Large Low Moderate High 

1Ti 1.00 0 0 1.00 0 0 1 0 0 1.00 0 0 0.50 0.33 0 0 0.32 0.69 

2Ti 1.00 0 0 1.00 0 0 1 0 0 1.00 0 0 0.50 0.33 0 0 0.32 0.69 

3Ti 1.00 0 0 1.00 0 0 0.70 0.33 0 0 0 1.00 0.50 0.33 0 0 0.32 0.69 

4Ti 1.00 0 0 1.00 0 0 0.70 0.33 0 0 1.00 0 0.50 0.33 0 0 0.32 0.69 

5Ti 1.00 0 0 1.00 0 0 0.97 0.04 0 1.00 0 0 0.50 0.33 0 0 0.32 0.69 

6Ti 0 0 1.00 1.00 0 0 0.97 0.04 0 1.00 0 0 0.50 0.33 0 0 0.32 0.69 

µNOM (7) µpH (8) µIS (9)       

Low Moderate High Low 
Moderat

e 
High Low 

Moderat
e 

High           

0 0.90 0.05 0 0.50 0 0.78 0.15 0           

0 0.90 0.05 0 0.50 0 0 0 1.00           

1.00 0 0 0 0.50 0 0.78 0.15 0           

1.00 0 0 0 0.50 0 0.78 0.15 0           

1.00 0 0 1.00 0 0 0.78 0.15 0           

1.00 0 0 1.00 0 0 0.78 0.15 0           
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Figure D. 4. Illustrating stepwise functionality of FL using nZnO for Scenario 3 
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Figure D. 5. Illustrating stepwise functionality of FL using nTiO2 for Scenario 3.  

 

 

PQ 

PCA 

NOM 

   IS 

 

  pH  EA 

ED 

IQ  

PCD 

WCD 

Deposition  

CE 

PCS 

WCS 

WCA 

ES 

Time 

EC 

ZP 

Size 

 Coating 

Dispersion  

0.077 

0.162 

0.530 

0.880 

0.302 

0.150 

0.650 

0.180 

0.120 

0.705 

0.220 
0.225 

399 ng/ℓ 

g/pc/d  

21. 9 mV 

30 nm 

PVP 

12 h 

2.45 mM 

- 

8.00 

Inputs Inter-mediate 

parameters 

Output 

0.124 

10 % 

Solubility 

0.473 

 
 
 

 
 
 



 

264 

 

  

 

 

Figure D. 6. Illustrating stepwise functionality of FL using nZnO for Scenario 4.  

 

 

PQ 

PCA 

NOM 

   IS 

 

  pH  EA 

ED 

IQ  

PCD 

WCD 

Deposition  

CE 

PCS 

WCS 

WCA 

ES 

Time 

EC 

ZP 

Size 

 Coating 

Dispersion  

0.300 

0.301 

0.151 

0.700 

0.500 

0.186 

0.501 

0.096 

0.096 

0.426 

0.337 
0.284 

190 

21. 9 mV 

30 nm 

CIT 

12 h 

2.45 mM 

- 

8.00 

Inputs Inter-mediate 

parameters 

Output 

0.112 

80 % 

Solubility 

0.383 

 
 
 

 
 
 



 

265 

 

 

Figure D. 7. Illustrating stepwise functionality of FL using nTiO2 for Scenario 4  
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.  

Figure D. 8. Illustrating stepwise functionality of FL using nZnO for Scenario 5  

PQ 

PCA 

NOM 

   IS 

 

  pH  EA 

ED 

IQ  

PCD 

WCD 

Deposition  

CE 

PCS 

WCS 

WCA 

ES 

Time 

UF 

ZP 

Size 

 Coating 

Dispersion  

0.600 

0.600 

0.277 

0.600 

0.150 

0.500 

0.142 

0.164 

0.600 

0.284 

0.319 
0.205 

0.52 ng/ℓ 

21. 9 mV 

30 nm 

- 

24 h 

2.45 mM 

1.53 mM 

6.50 

Inputs Inter-mediate 

parameters 

Output 

0.396 

80 % 

Solubility 

0.242 

 
 
 

 
 
 



 

267 

 

 

Figure D. 9. Illustrating stepwise functionality of FL using nTiO2 for Scenario 5 
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.  1 

Figure D. 10. Illustrating stepwise functionality of FL using nZnO for Scenario 6. 2 
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  3 

Figure D. 11. Illustrating stepwise functionality of FL using nTiO2 for Scenario 6  4 
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