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Appendix C

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

Transformation
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weights
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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 NOM low pH high IS low WCA low (1)
R2 NOM low pH low IS low WCA high(1)
R27 NOM moderate  pH low IS low WCA 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 Vel’y h|gh PCA é’i UNIVERSITEIT VAN PRETORIA - EA Vel‘y h|gh(1)
«p TUNIGEsiTH Ya PReToRIA

Linguistic rules for collision efficiency (CE)

R1 EA low EC  high - - CE low (1)

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

Ras 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)
R~z IQ low PQ high - - Dispersion  high (1)
Rss 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 [01] Very Low (0,0, 0.1, 0.2)
Low (0.1,0.3,0.4)
Moderate (0.35, 0.5, 0.6)
High (0.55, 0.7, 0.9)
Very high (0,80,9,1,1)
CE,PQ,1Q [01] Extreme low (0,0, 0.1, 0.2)
Very Low (0.1, 0.2,0.35)
Low (0.25, 0.40, 0.55)
Moderate (0.45, 0.55, 0.70)
High (0.60, 0.75, 0.9)
Very high (0,809,1,1)
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'x Pt 7~
s 3 "! “'H__
oL )
| 5 |
NOM o N
|'I Il \f
™ ™ Z | Fuzzy logic R A
; (o3 |
.,:.'. _ — f | |I
el N , [
(Mandani) L (1 i3
}.5 ! I | III
I I'l I'ln' i
T T
";_ WC_dnvendggregation
= S

pH

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

Example uTime (1) uSolubility (2) LEC (3) pCoating (4) pSize (5) pZP (6)

No. Low Moderate  High Low g/loderat High | Low Moderate  High Low Moderate High | Small Moderate Large | Low leoderat 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
27n 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
47Zn 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 0 100 O 0 1.00 1.00 0 0 1.00 0 0 0.50 0.33 0 0 0.31 0.69
HNOM (7) HpH (8) IS (9)
low glloderat 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 ’% .

100 0 0 0 0.75 0 078 015 T
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 HTime (1) pSolubility (2) HEC (3) pCoating (4) uSize (5) UZP (6)

ple

No. Low glloderat High Low Moderate High Low glloderat High Low Moderate High Small Moderate  Large | Low Moderate  High
1Ti 1.00 0 0 1.00 0 0 1 0 0 1.00 0.50 0.33 0 0 0.32 0.69
2Ti 1.00 0 0 1.00 0 0 1 0 0 1.00 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 0.50 0.33 0 0 0.32 0.69
5Ti 1.00 0 0 1.00 0 0 0.97 0.04 0 1.00 0.50 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
MNOM (7) HpH (8) IS (9)

Low Moderate High Low Motierat High Low Moierat 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

100 0 0 0 050 0 078 015 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. 5. lllustrating stepwise functionality of FL using nTiO2 for Scenario 3.
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Figure D. 9. lllustrating stepwise functionality of FL using nTiOz for Scenario 5
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