Mathematical Modeling of Tangential Filtration Processes for Winery Wastewater Treatment
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Abstract
In membrane separation processes, permeate flux decay throughout microfiltration is one of the predicted phenomena and arises due to fouling. This decay is one of the main contributors defining permeate flux characteristics, and its inclusion in mathematical modeling has been a challenge for researchers in this area. Therefore, this study performed the mathematical modeling of tangential filtration processes applied to wastewater treatment from a winery. The mathematical modeling started from the modified resistance in series model and used the GITT (Generalized Integral Transform Technique) hybrid method. Experimental data were obtained from microfiltration of a winery’s effluent, evaluating transmembrane pressures between 50 and 600 kPa, fluid flow rates on the input between 0.06 and 0.15 m s−1 and effluent concentrations between 1/1 and 1/40 (dilutions ratio effluent:distilated water), using 0.4 µm alumina ceramic membrane. The results showed a significant convergence between the modeled and experimental data, with 80% of the data showing relative differences less than 10%. Thus, the model with the proposed modifications can be used to determine the behavior of permeate flux throughout the laminar flow process. Moreover, from the proposed methodology it is possible to determine the limiting flux in order to identify when the process is losing energy unnecessarily.
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	u0 = 0.06 m s-1
	u0 = 0.10 m s-1
	u0 = 0.15 m s-1

	*c0
	*Δp 
	*Jm
	*J 
	Dif (%)
	*Jm
	*J 
	Dif (%)
	*Jm
	*J 
	Dif (%)

	
	
	
	
	
	
	
	
	
	
	

	1/1
	0.5
	1.3
	1.3
	1.6
	2.0
	1.9
	5.5
	2.7
	2.6
	4.4

	
	0.7
	1.7
	1.4
	14.5
	2.5
	2.1
	15.0
	3.2
	2.9
	9.9

	
	1.0
	1.8
	1.5
	14.6
	2.5
	2.2
	12.8
	3.6
	3.2
	10.9

	
	1.5
	1.9
	1.6
	13.7
	2.6
	2.3
	10.7
	3.9
	3.4
	11.6

	
	2.0
	1.9
	1.7
	11.0
	2.6
	2.4
	9.7
	4.0
	3.6
	10.1

	
	2.5
	1.9
	1.7
	9.5
	2.6
	2.4
	9.2
	4.1
	3.7
	10.0

	
	3.0
	1.9
	1.7
	9.4
	2.7
	2.4
	9.7
	4.1
	3.7
	9.2

	1/10
	0.5
	4.3
	4.4
	4.2
	3.4
	3.7
	10.2
	4.6
	5.0
	7.2

	
	0.7
	4.8
	4.8
	0.7
	4.1
	4.3
	4.3
	5.7
	5.6
	2.6

	
	1.0
	5.3
	5.1
	3.4
	5.6
	4.9
	12.0
	6.4
	6.1
	4.2

	
	1.5
	5.5
	5.3
	3.8
	6.1
	5.5
	9.1
	7.0
	6.6
	6.0

	
	2.0
	5.5
	5.4
	1.7
	6.2
	5.9
	5.6
	7.1
	6.9
	3.4

	
	2.5
	5.6
	5.5
	2.0
	6.2
	6.1
	2.1
	7.1
	7.0
	1.6

	
	3.0
	5.6
	5.5
	1.9
	6.3
	6.3
	0.1
	7.2
	7.1
	0.6

	1/20
	0.5
	4.4
	5.0
	15.0
	5.4
	6.2
	14.4
	4.6
	5.3
	17.0

	
	0.7
	6.1
	5.9
	3.8
	7.2
	7.0
	3.2
	6.8
	6.4
	5.4

	
	1.0
	7.6
	6.7
	11.1
	8.5
	7.7
	9.5
	8.5
	7.5
	11.6

	
	1.5
	8.7
	7.5
	13.3
	9.4
	8.4
	10.5
	10.2
	8.7
	14.1

	
	2.0
	8.9
	8.0
	10.1
	9.6
	8.7
	8.8
	10.8
	9.5
	12.1

	
	2.5
	9.0
	8.4
	7.2
	9.6
	9.0
	6.7
	11.0
	9.9
	9.7

	
	3.0
	9.0
	8.6
	4.8
	9.4
	9.1
	3.5
	11.1
	10.3
	7.2

	
	3.5
	9.0
	8.7
	2.8
	9.4
	9.2
	2.2
	11.1
	10.5
	5.6

	
	4.0
	9.0
	8.8
	1.6
	9.4
	9.2
	1.6
	11.1
	10.7
	3.4

	
	4.5
	9.0
	8.9
	1.1
	9.4
	9.3
	1.3
	11.1
	10.8
	2.8

	
	5.0
	9.1
	9.0
	1.6
	9.5
	9.3
	2.5
	11.1
	10.9
	1.2

	
	5.5
	9.0
	9.0
	0.4
	9.4
	9.3
	1.0
	11.1
	11.0
	1.1

	
	6.0
	9.1
	9.0
	0.8
	9.5
	9.3
	1.7
	11.2
	11.1
	1.2

	1/30
	0.5
	3.8
	4.4
	16.5
	4.7
	5.2
	11.5
	5.0
	5.4
	9.5

	
	0.7
	6.1
	5.6
	8.5
	6.7
	6.6
	1.0
	7.0
	6.8
	1.9

	
	1.0
	7.7
	6.9
	9.6
	8.9
	8.2
	7.7
	9.2
	8.5
	7.8

	
	1.5
	10.4
	8.5
	17.9
	11.4
	10.1
	11.6
	11.1
	10.4
	6.4

	
	2.0
	11.2
	9.6
	14.4
	12.7
	11.4
	10.2
	12.7
	11.7
	8.4

	
	2.5
	11.9
	10.4
	12.4
	13.5
	12.3
	8.9
	14.0
	12.6
	9.8

	
	3.0
	12.3
	11.0
	10.6
	14.4
	13.0
	9.4
	14.4
	13.3
	7.6

	
	3.5
	12.1
	11.4
	5.9
	14.5
	13.6
	6.6
	14.8
	13.8
	6.6

	
	4.0
	12.3
	11.8
	4.2
	14.6
	14.0
	4.1
	15.0
	14.3
	5.2

	
	4.5
	12.3
	12.0
	2.5
	14.9
	14.3
	3.7
	15.1
	14.6
	3.1

	
	5.0
	12.4
	12.3
	1.0
	14.8
	14.6
	1.5
	15.1
	14.9
	1.4

	
	5.5
	12.3
	12.4
	0.7
	14.9
	14.8
	0.5
	15.2
	15.1
	0.9

	
	6.0
	12.3
	12.6
	2.4
	15.1
	15.0
	0.7
	15.3
	15.2
	0.2

	1/40
	0.5
	5.7
	6.1
	8.1
	6.7
	7.7
	15.6
	5.6
	6.5
	17.0

	
	0.7
	7.0
	7.5
	7.5
	8.9
	9.0
	1.7
	7.7
	7.9
	2.8

	
	1.0
	8.9
	9.1
	1.9
	11.0
	10.4
	6.0
	9.7
	9.5
	2.2

	
	1.5
	11.1
	10.7
	3.1
	13.0
	11.6
	10.4
	12.5
	11.2
	9.9

	
	2.0
	12.7
	11.8
	7.0
	13.8
	12.4
	10.4
	14.2
	12.3
	13.0

	
	2.5
	13.6
	12.5
	7.9
	14.0
	12.9
	8.3
	14.7
	13.1
	11.0

	
	3.0
	14.4
	13.1
	9.2
	14.0
	13.2
	6.1
	14.8
	13.6
	8.0

	
	3.5
	14.5
	13.4
	7.3
	14.1
	13.4
	4.9
	14.7
	14.0
	4.6

	
	4.0
	14.6
	13.7
	5.8
	14.0
	13.6
	3.0
	14.8
	14.3
	3.2

	
	4.5
	14.6
	13.9
	4.5
	13.8
	13.7
	0.7
	14.8
	14.6
	1.7

	
	5.0
	14.5
	14.1
	2.9
	14.0
	13.7
	2.1
	14.9
	14.8
	0.9

	
	5.5
	14.5
	14.2
	1.6
	14.0
	13.8
	1.2
	15.0
	14.9
	0.6

	
	6.0
	14.5
	14.3
	1.5
	14.1
	13.8
	2.0
	15.0
	15.0
	0.2


*c0(wt%), ∆p(10−5 Pa), Jm(106 m s-1), J(106 m s−1)

[bookmark: _Ref55076352]Table S2. Average concentration  simulated via GITT.
	
	
	 (wt (%))

	c0 (wt (%))
	Δp (10-5 Pa)
	u0 = 0.06 m s-1
	u0 = 0.10 m s-1
	u0 = 0.15 m s-1

	1/1
	0.5
	1,01468
	1,01232
	1,01062

	
	1.5
	1,03132
	1,02624
	1,02282

	
	3
	1,05094
	1,04258
	1,03697

	1/10
	0.5
	0,10143
	0,10120
	0,10103

	
	1.5
	0,10305
	0,10255
	0,10222

	
	3
	0,10495
	0,10414
	0,10360

	1/20
	0.5
	0,05071
	0,05060
	0,05052

	
	2.0
	0,05186
	0,05156
	0,05135

	
	5.0
	0,05276
	0,05296
	0,05257

	1/30
	0.5
	0,03381
	0,03373
	0,03368

	
	2.0
	0,03457
	0,03437
	0,03423

	
	5.0
	0,03553
	0,03531
	0,03504

	1/40
	0.5
	0,02536
	0,02530
	0,02526

	
	2.0
	0,02593
	0,02578
	0,02568

	
	5.0
	0,02677
	0,02648
	0,02628



[bookmark: _Ref55076414]Table S3. Determination of the slope ϕ, the intercept σ.
	c0 (wt (%))
	u0 (m s-1)
	ϕ (10-9 m-1)
	σ (10-13 m-1)

	
	
	
	

	1/1
	0.06
	0,51
	1,33

	
	0.10
	0,38
	0,68

	
	0.15
	0,24
	0,72

	1/10
	0.06
	1,79
	0,32

	
	0.10
	1,43
	0,75

	
	0.15
	1,34
	0,42

	1/20
	0.06
	2,10
	0,56

	
	0.10
	2,09
	0,35

	
	0.15
	1,67
	0,60

	1/30
	0.06
	2,00
	0,90

	
	0.10
	1,69
	0,76

	
	0.15
	1,69
	0,72

	1/40
	0.06
	2,46
	0,58

	
	0.10
	2,73
	0,36

	
	0.15
	2,41
	0,54
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