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Introduction

Motivation

* Increase in water scarcity

* Sea, sewage and industrial waste water

* Considering that currently less than 30% of industrial waste water is treated before release into the
environment

J
H.'l Sonkamble, Sahebrao, et al. "Natural treatment system models for wastewater management: a study from Hyderabad, India." Water Science and
I 29-08:2026 Technology 77.2 (2018): 479-492.
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Significance Research Trend Objectives Contents

Agro based industries

Wastewater Treatment

Primary Secondary Tertiary Treatment
Treatment Treatment

> Screening Biological > Disinfection
> Flotation treatment » Filtration

> Sedimentation » Clarification

> Anaerobic
> Aerobic

B
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Distillery Wastewater (DWW) y Palm O1l Mill Eftluent (POME)

* India is the 4™ largest edible oil economy in
the world —Palm oil effluent

e 5-7.5 ton of wastewater for 1 ton of palm oil
* High organic content
* High amounts of Nutrients

Distilleries are most polluting
12-15 litres of spent wash per litre of alcohol

Problematic color by Melanoidins
(Recalcitrant)

Non effective biological treatment
High amount of carbon

| )
> DWW: > POME: . .
KCP Sugars Ltd, Nav Bharat Agro industries Ltd,
Vuyyur, Andhra Pradesh Jangareddy gudem Andhra Pradesh

@
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Signfcance

Initial Characterization

o
.. 29-08-2026

e T e fe
lagian Institate of Technoi ogy Hyderabed

Parameters Units POME DWW
pH 8.5 8.54
Electrical

conductivity mS/cm 16.91 14
Total Nitrogen mg/1 76.37 1160.5
Total Organic

Carbon mg/1 2250 3775
COD mg/1 5700 7600
TDS mg/1 10000 25000
TSS mg/1 300 600
TS mg/1 10300 25600
Total Phosphorous mg/l 389 180
Sulphate mg/1 305.33 1507
Chloride mg/1 2708 4323
Calcium mg/l 39.3 39
Magnesium mg/l 3334 262
Sodium mg/1 67 434
Pottassium mg/l 1986 1222




Fermenter Yeast Sludge
diluter

Distillery Wastewater (DWW)

: — Clarification Sludge-
bunches Stripping

l
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Introduction I Significance Research Trend Objectives Contents

Electrocoagulation

» Electrochemistry
» Coagulation
* Hydrodynamics

* Developed in 19 century
 Applied in 20" century

* Success is partial

» Widely accepted

* Ease of operation

 Zero chemical addition

* Lesser sludge production

T
L/

e [ron

* Monopolar .
P e Aluminium

 Bipolar

£
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Introduction | Significance Research Trend Objectives Contents

Configurations

Monopolar Mode (Series) Monopolar Mode (Parallel) Bipolar Mode

L
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Introduction Significance Research Trend Objectives Contents

Research Trend in Electrocoagulation

15724 doiment rasults  Choose date range to & lyze:[1922 v]\@
| Yefr | Source | Author W Country/Terrfory ‘ Documenttype | Subject area

Yoar ¥ | Documents Documents by year

% 600
2018 108
207 460
206 516 500
2015 505
2014 537 460
2013 477 E

ar
2012 454 E R
201 498 E 1964
2010 478 134 documents in Scopus
200 y : : o

2009 468 Click point to view dacument list

= -
2008 462 -
2007 427 199
2006 268
e il +

1922 1931 1940 1949 1958 1967 1976 1585 1594 2003 1012 2021

2004 as7
2003 317 -
@
IH' 29-08-2026 9



Introduction Significance Research Trend Objectives Contents

Research Trend- Bipolar-mode Electrocoagulation
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Objectives

1. Develop and Optimize a design for CBME system for treatment of
recalcitrant carbon & Phosphorous

Develop a Removal Mechanism based on kinetics
Establish an Enhancement procedure for CBME
Resource Recovery from CBME sludge

A

Evaluation of Field-scale CBME system with Lab-scale design
parameters

*CBME- (Continuous Bipolar-Mode Electrocoagulation system)
@
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Fast Reaction

©AdventuresAndHobbies

£
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Feasibility Study

Feasibility study

Parameter Initial Respirometric
characterization study
_—

4953+50 80020

TOC (ppm) 1847+4 1775

@
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Feasibility Study

Respirometric study

3500 Control g
500 - ——Controls
1800 - —Cell2
3000 - 1500
1400
2500 - |
g o 1200 v
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£ ° o 1000 '
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c = i
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D Ed
& 400 -
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| - a 20 40 &80 80 100
Incubation time(hrs) Incubation time (hre)
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Feasibility Stud imizati ineti ] : Omparison o 0 :
Optimization Kinetics Mechanism  Sludge studies scale/lab scale CBME Conclusion

Batch Electrocoagulation study

T OC removal efficiency = TOC removal efficiency
TDS removal e fiicien cy TDS removal e fficiency

80 +

B0
70 4

B0

Percentage removal
Percentage removal

5 10 156 20 25 30 a5 40 45 5 10 15 20 25 30 35 40 45
Reaction time (min) Reaction time (min)
.
Aluminium
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Optimization

Continuous Bi-polar mode Electrocoagulation (CBME)

» CBME
Chamber

Peristaltic
pump

DC-Power
supply

MI 29-08-2026 16
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Controllable variables (factors)

(%) N | E— (Xp)

Input (s) Output (s)

Y

(Y)

(Z,) VA f— (Z,)

Uncontrollable variables (factors)
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Optimization : Ten Y scale/lab scale CBME

Design of
Experiments
3 4.7 6.5 8.2 10
Experimental 0.5 2.8 5.2 7.6 10
runs
204 344 484 625 765
40 58.7 77.5 96.2 115

Model validation
by ANOVA

Model validation

A10 iy
)

by ANN
2 3.66 6 8.37 10
Optimization by 0.5 3.43 7.75 12.06 15
Y
13 18.3 26.14 339 40

i
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o S - . : Comparison of Field .
Feasibility study Optimization Kinetics Mechanism  Sludge studies scale/lab scale CBME Conclusion

Artificial Neural Networks

Input Hidden Layer Output
Layer Layer

B
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Optimization

TOC

Source DF AdjSS AdjMS F-value P-Value Source AdjSS AdjMS F-value P-Value
Model 14 206.82 14.77 49.9 Model 6107.7 678.64 23.16
Linear 4 130.9 32.74 110.59 Linear 3995.7 1331.87 45.45
Square 4 53.6 13.42 45.33 Square 1601.56 533.85 18.22

Experimental 2-way 2-way
runs interaction 6 22.196 3.6994 12.49 interaction 510.63 170.21 5.81

Design of
Experiments

Total Phosphorous Total Phosphorous
Source DF AdjSS AdjMS F-value P-Value Source DF AdjSS AdjMS F-value P-Value

Model validation Model 14 249.5 17.82 46.77 ] Model 9376.5 1041.8 470.22 O
by ANOVA Linear 4 32.49 8.123 21.31 (0] Linear 1926.5 642 289.11 0
Square 4 194.77 48.69 127.76 (0] Square 7320.3 2440.24 1101.39 0

2-way

2-way
6 22.32 3.72 9.76 0 interaction 129.5 43.17 19.49

interaction

Model validation
by ANN Model summary TOC Phosphorous Model summary TOC Phosphorous

.
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Comparison of Field

Conclusion
scale/lab scale CBME

Feasibility Study | Optimization Kinetics Mechanism Sludge studies

Total Organic Carbon

Design of
Experiments

Experimental
runs

Model validation
by ANOVA

Model validation
A\

Optimization by
RSM
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B . Comparison of Field
F I . . . . . .
easibility Study Optimization Kinetics Mechanism Sludge studies scale/lab scale CBME

Conclusion

Design of Total Phosphorous

Experiments

Experimental
runs

¥

Model validation
by ANOVA

Model validation
by ANN

Optimization by
S\
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Optimization

TOC removal (%) =-250.8 + 39.98 pH + 28.81 RT + 0.1575 RA + 1.939 CD
- 2.045 pH*pH- 1.261 RT*RT+ 0.000123 RA*RA+ 1)
0.00768 CD*CD -0.2750 pH*CD- 0.0860 RT*CD —
0.002325 S/V*CD

TP removal (%) = -303.6 + 82.36 pH + 4.87 RT + 0.0097 RA + 1.694 CD —
7.261 pH*pH- 1.980 RT*RT - 0.000149 RA*RA — Q)
0.02105 CD*CD + 0.2080 pH*CD + 0.02451 RT*RA +
0.0923 RT*CD

TOC removal (%) = 67.0 - 5.15 pH + 3.42 RT - 1.77 CD - 1.100 pH*pH - 0.4800 RT*RT
+0.0048 CD*CD 3)
+0.440 pH*RT + 0.270 pH*CD + 0.1286 RT*CD

TP removal (%) = -123.20 + 37.53 pH + 15.136 RT + 0.704 CD - 3.2813 pH*pH - @
. 0.7401 RT*RT + 0.02537 CD*CD
Illl +0.1610 pH*RT - 0.0647 pH*CD - 0.1035 RT*CD

29-08-2026
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Comparison of Field

Conclusion

Feasibility Studies imizati Kinetics Mechanism i
y Optimization Sludge studies scale/lab scale CBME

Surface Plots for TOC Surface Plots for TP

Surface Plot of TOC vs CD, pH Surface Plot of TOC vs CD, RA Surface Plot of TP vs CD, RA Surface Plot of TP vs CD, pH

™

125

75 €D

(]
4 6 50

Surface Plot of TOC vs CD, RT Surface Plot of TP vs CD, pH
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Kinetics

Feasibility Study

Optimization

Comparison of Field

Mechani '
echanism  Sludge studies scale/lab scale CBME

Conclusion

Surface Plots for TOC

60

30

TOC ToC 40

16 20

-30

8 RT
3
o 9 0

©
0,
0 0 @
8
RT 1

3

TOC

20

Surface Plots for TP

£
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Feasibility Study Optimization Mec:‘am Sludge studies Comparison of Field

scale/lab scale CBME Conclusion

Design of
Experiments 1 _ pH RT RA D
Cx Q95058 High 10.0 o 7650 1150
g Cur [&44700 [7.6870 [Fesd] [77.8788
Predict Low AT7SD 050 2040 400
Experimental i
Maximum
runs ¥ = 746593
d = 0.90451
Model validation TOC
[\ \\[0)V/: Maximum | —— | | T T T P
5= \—////7 \
d = 0.99936 \ /_'

Optimization by
RSM

®
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Optimization

Feasibility Study

Design of
Experiments

Experimental
runs

Model validation
by ANOVA

Optimization by
RSM

£
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Kinetics

Mechanism Sludge studies

Comparison of Field
scale/lab scale CBME

Conclusion




Comparison of Field

Feasibility Study Optimization Kinetics Mechanism Sludge studies Conclusion

scale/lab scale CBME
Synthetic Melanoidins HPLC-Result

Time (min) Area (nV*sec) Height (nV)

2.131 11968014 1909860

Raw sample
Time (min) Area (uV*sec) Height (uV)

2.117 7951912 771591

Optimized run sample

Time (min) Area (uV*sec) Height (uV)

2.165 4699374 326581

29-08-2026 28



Preliminary Comparison of Field :
. imizati ineti i i Conclusion
Studies Optimization Kinetics Mechanism Sludge studies scale/lab scale CBME

Optimization Results

Parameter POME DWW
pH 6.4 5.5
Reaction time 7.69 8.12
Reaction area 765 765
Current Density 77.8 39.2
Surface area/Volume ratio 76.5 76.5
Energy consumption(kwh/cu.m) 22.4 10.15
TOC removal efficiency 77% 71%
TP removal efficiency 73% 85%
Melanoidin removal - 60%

B
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Conclusion

. . . K' t‘ - i : e - - :
Optimization inetics Sludge studies . /lab scale CBME

Kinetic Studies

= ua =

3 v v \J

4.75 v v Vv 4 v v v

6.5 Vv Vv Vv 6 v \ v

8.5 v vV '/ 8 v \' '
\'} vV \J 10 \'} vV '
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Mechanism
Charge Neutralization/Colloid Destabilization - 1
; £3p G
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|2 Sars

:.O.:' e ‘ | I I
! DC ~ N
A powar supply 7 \ \
o \ , \9 J ,_\l o ',/';
.. o Pollutants rise to surface 5;’// - o
o Q| O~0Q e ® (@ )
. @

=
Cer
Anode
=
Cathode
N
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Q: v | T ~
95 /

o o o Sweep Floc
O O Colloids become enmeshed in the growing precipitate.
' voos A M
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—
POME

Reaction Kinetics-k Values

Reaction kinetics-TOC Reaction kinetics-TP
0.18 0.16
0.16 0.1536 014 0.1356
0.14 0.12
0.12
0.1
§ 0.1 §
= = 0.08
> >
2 0.08 2
0.06
0.06
0.04 0.04
0.02 0.02
0 0
3 4.75 6.5 8.25 10 3 4.75 6.5
Initial pH Initial pH
40 585 m775 40 58.5 m775

» Reaction Kinetics followed first order Kinetics
> Highest K —Values obtained at higher current densities and at pH-6.5

“Il 29-08-2026
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Preliminary - S . . Comparison of Field .

DWW

Reaction Kinetics-k-values

Reaction kinetics-TP

Reaction kinetics 016 0.1508
0.12
0.1066 0.14
0.1
0.12
0.08 0.1
wv w
3 g
= 0.06 = 0.08
> >
4 4
0.04 0.06
0.04
0.02
0.02
0
2 4 6 8 10 0
Initial pH 2 4 6 8 10
Initial pH
13 726 W40
13 726 m40

> Reaction Kinetics followed first order Kinetics
» Highest K —Values obtained at higher current densities and at pH-6

B
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Preliminary . ~ Comparison of Field
: NP Kinet : . :
Optimization inetics Mechanism  Sludge studies scale/lab scale CBME Conclusion

Reaction Kinetics

pH-6.5
pH-6.5 TOC TP
18 1.4
1.
6 1.2
1.4
12 = 1
o
g1 § os POME
E 0.8 _I:: 0.6
' 06 0.4
0.4
0.2
0.2
0 0
0 2 4 6 8 10 12 02 2 4 . 6 . 8 10 12
Time (min) Time {min) y =0.1203x + 0.0156
Z=
A40 €585 @775 RP=0.9974
A40 €585 @775
H-6
P pH-6
1.6 "
1.4 -
0 s DWW
g 1 . S .
S 08 S 3 .
= c
<06 . S
0.4 < 05
0.2
0 0
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Time(min) Time(min)
®CD-13 ACD-26 CD-40 ®CD-13 ACD-26 CD-40
ey 29-08-2026 34
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POME
Adsorption Kinetics- k Values

Adsorption Kinetics-TOC Adsorption Kinetics-TP

0.08 r 0.075093333
0.07 0.063856383
0.07 *
0.06
0.06
0.05
»n 0.05 .
5 Y oo04 f
< 0.04 t =
o = 003 |
~ 0.03 - ~
0.02 L 0.02
0.01 0.01 +
0 0
3 4.75 6.5 8.25 10 } a7 0 82>
H
pH P

40 m58.5 W77.5
40 @585 m77.5

> Adsorption Kinetics followed Lagergran 2" order Kinetics indicating Adsorption Equilibrium &
@ chemical sorption
“Im >, Highest K —Values obtained at higher current densities and at pH-6.5
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DWW
Adsorption Kinetics-k Values

Adsorption Kinetics-TOC Adsorption Kinetics-TP
012 018 r 0.166525654
0.099755556 0.16
01 t
014
0.08 012 t
%o.oe - g “rT
g g
z Z 008
0.04 0.06
oon | 0.04
. 0.02
0 0 \ \ . .
2 4 6 8 10 2 4 6 8 10
Initial pH Initial pH
13 w26 W40
13 26 W40

> Adsorption Kinetics followed Lagergran 2" order Kinetics indicating Adsorption Equilibrium &

e chemical sorption
.l >, Highest K —Values obtained at higher current densities and at pH-6 -
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Preliminary S Mechani Comparison of Field
: Optimization Kinetics i i
studies p o Sludge studies scale/lab scale CBME Conclusion

Adsorption Kinetics

pH-6.5 pH-6.5
0.04 0.06
0.03 0.05
0.04
. 002 00
o .
s 5 POME
0.01 < 0.02
0 0.01
2 4 6 8 10 12 0
-0.01 ) i .
Time (min) -0.01
Time (min)
® CD-40 4 CD-58.5 A CD-775
. . . ® CD-40 4 CD-58.5 A CD-775
= = =Linear (CD-40) -:eceee- Linear (CD-58.5) Linear (CD-58.5)
= = =Linear (CD-40) :cecee- Linear (CD-58.5) Linear (CD-58.5)
pH-6 pH-6
1.6 2.5
1.4 *
DWW
1 *
0.8 -
o
0.6 . =
0.4
0.2
0
0 2 4 6 8 10 12 2 4 6 8 10 12 14
-0.5
4 ®CD-13 ACD-26 CD-40 Time (min)
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dCUMIGETY - S . Comparison of Field
. Optimization Kinetics Sludge studies i
Studies - 8 scale/lab scale CBME i

o
Adsorption Isotherms
| ) AWANY
Frendeulich-TOC Frendeulich-TP
1.4 16
w| e ¢
[ T 155 °
1 o
........... 15
0.8 o
& 1.45
3 0.6 %
S
1.4 ;
0.4 Y
135 ’
0.2 :
y =2.0035x + 0.6734 o
0 R2-00816 13 : y= 1.32104x +0.1933
0 0.05 0.1 0.15 0.2 0.25 03 0.35 R*=0.9514
LogCe 1.25
0 0.2 0.4 06 0.8 1 12

Logce

» Adsorption Isotherms best fit with Frendulich Isotherm
® > Multilayer adsorption indicating reversible adsorption on heterogenous surface

II." 29-08-2026 38

e T e fe
adian Institate of Techaology Hyderated



e T e fe
lagian Institate of Technoi ogy Hyderabed

Mecharism

Mechanism of Removal

* TOC removal Mechanism:

pH<6; Indirect chemical oxidation; Oxidation of organic compounds
pH>6; Adsorption of organic particulates/ some extent of oxidation

* TP removal Mechanism: Fe™ + PO}~ = FePO, .

pH<69 FePO,l = Fe’" + PO;” K o rero, = )

pH>6; OH ions dominate so FePO. formation retards and adsorption of
orthophosphates happen on Fe(OH);

29-08-2026 39
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Preliminary . e . S . : Comparison of Field
: Optimization Kinetics Mechanism Sludge studies :
Studies - - scale/lab scale CBME Conclusion

POME Initial TOC removal TP removal
pH
3 (Adsorption) (Charge neutralization &
pH change-POME adsorption/Chemical precipitation)
14 4.75 (Adsorption) (Charge neutralization &
12 adsorption/Chemical precipitation)
10
% 8
Z 6 6.5 (Adsorption/oxidation) (Charge neutralization &
" adsorption/Chemical precipitation)
2
0
0 2 4 6 8 10 2 825 (Oxidation/Adsorption) (Charge neutralization &
Time(min) adsorption/Chemical precipitation)
—@— pH-3  ===-pH-4.75 = @& =pH-6.5 «eeeilsess pH-8.25 ~——@=— pH-10
10 (Oxidation/Adsorption) (Charge neutralization &
Reaction Kinetics adsorption/Chemical precipitation)
g'ii 0.1536 Adsorption Kinetics
0.14 - 0.9 0.077066667
g %0 oo
;" 0.08 o 0.06
~ 0.06 $ 005
0.04 = 0.04
0.02 ¥ 0.03
0 0.02
o 3 4.75 6.5 8.25 10 0.01 I I
pH 0
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DWW Initial TOC removal TP removal
pH
pH change-DWW 2 (Adsorption) (Charge neutralization &
" adsorption/Chemical precipitation)
4 (Oxidation/Adsorption) (Charge neutralization &

adsorption/Chemical precipitation)

pH values

6 (Oxidation/Adsorption) (Charge neutralization &
adsorption/Chemical precipitation)

. 8 (Oxidation/Adsorption) (Charge neutralization &
0 2 4 6 8 10 12 14 adsorption/Chemical precipitation)
Time(min)
e 10 (Adsorption) (Charge neutralization &
—@—pH2 -—®--pHd4 — & —pH-6 --cdbeee pH-8 —@— pH-10 adsorption/Chemical precipitation)

Adsorption -K values

Reaction Kinetics-K values
0.18 0.166525654

016 016 0.1508
0.14 0.14
2 0.12 0.099755 0.12 0.1066
5 o1 g 01
< 0.08 2 0.08
> 0.06 S
0.04 ~ 0.06
0'02 0.04
0 0.02
2 4 6 8 10 0

Iniial pH 2 4 6 8 10

i . Initial pH
I..l TOC mTP
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Preliminary D R : Comparison of Field
. m Kinetics M m Enhancement :
Studies Optimization et S— scale/lab scale CBME Conclusion

= P
AirBlower
» Change in Electrical Aeration inside

conductivities Eerete1eh - CBME
> Inclusion of aeration

> Microwave irradiation

CBME chamber(C1) CBME chamber(C2) CBME chamber(C3)
e

CBME in series configuration

®
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Electrical Conductivities Aeration Series Configuration
90 & 778 78
3 80 = 78 77 77 77
7 70 63 =77 76 _.100.00 -
2 58 58 g 56 2 88.31
g 60 5 5 80.00 1
2 0 40 g7 g
i 40 s 73 73 g 60.00 1
g 30 8 73 £ 40.00 A
£ 20 % 72 H
& 10 = g 20.00 -
=}
’ 4.225 16.9 33.8 101.4 70 g 0.00 - ' '
' ' 0 : : 2 Cl C2 C3 Overall
Electrical Conducthltles(mS/cm) Aeration(lpm) removal
®TOC removal W TP removal mTP EWTOC Series Configuration
ETOC mTP
100 %0 . 85.7
o0 | Microwave Irradiation o Ozonation

S $70Ff

E 70 i \8; 60 L

g 60 | k5

S S 50 r

£ 50 £

- 20 Y0t

s - g

é 30 f 230

€ 20 | @2

B m B
0
CBME MW-300W MW-900W Over all removal CBME 15 min 30 min 60 min Overall removal
Mlcrowave power Ozonation time
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DWW

Electrical Conductivities Aeration Series Configuration
85 100
:g 80 pot 85 86 88 91
< 70 71 < . ,
‘5’ 70 s sg * <. 63 g 80 71 71 70 70 : 100.00
S 60 e 70 S 80.00 82.00
L5 47 45. 3 60 g
£, £ 50 8 60.00
w 30 — 40 9
g 30 é 10 £ 40.00 1
£ 20 s 2 'S 20.00 -
< 10 10 g
0 0 0.00 + T T
)
3.5275 7.055 14.11 28.22 56.44 84.66 0 25 5 75 4 C1 2 C3 Overall
Electrical Conductivities(mS/cm) Aeration(lpm) removal
®TOCremoval M TP removal mTP mTOC Series Configuration
ETOC TP
100 . . . 90 -
0 ¢ Microwave Irradiation ~ *° o | Ozonation ot
X 80 —
> = 70
LC>; 70 \U;
% 60 g 60 I
""...E 50 E 50 F
T 40T Sogo |
g or 330 |
L 20 £
= 10 | e 0
° m ol n
CBME MW-300W MW-600W MW-900W Over all 0
) removal CBME 15 min 30 min 60 min Overall removal
. Microwave power Ozonation time
B TOC removal
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dCUMIGETY - o Mechani - Comparison of Field
. Optimization Kinetics Sludge studies i
Studies . sm 8 scale/lab scale CBME i

Recovery of Phosphates from POME Sludge

» Oven dried sludge
Sludge obtained from » Combustion @600°C
CBME optimized run » Combustion @750°C

» Combustion@900°C

Acid leaching with
» Oxalic acid
» Sulphuric acid

Phosphorous yield is Samples collected at 2h, 4h
calculated ,8hand 24 h

£
II." 29-08-2026 55
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100 Counts 00 [T
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100 o
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Sludge studies

Oxalic Acid

Oven dried 600 ° C

60
50

40
30
Effect of Temperature

9

80

0 70

2 4 8 24 2 4 8 24 o

Time(hrs) Time(h)

50

E50 m150 m200 50 m150 m200 40

30

. 900° C 0

750°C -

9
90
oD 600 750 900

P %(Yield)
S

=
o

80 0

80 20

70 60 M Series2
— 60 < w0
X s
= 50 =
L 40 2 40
2 >
& 30 30

20 20

10 10

0 0

2 4 8 24 2 4 8 24
Time(h) Time(h)
29-08-2026 50 m150 m200 50 150 m200 57

W RO e
Iaghan Institate of Tecology Hyderabad



Sludge studies

Sulphuric Acid

Oven dried 600°C

60 100

50 30
< 40
S 3 6
2 € 4 Effect of temperature
10 2 100
0 90
2 4 8 2 4 8

0
24 24 80
. . 70
Time(hrs) Time(h) 60
. 50
E50 150 m200 50 W150 W200 40
30
750° C o 2°
900° C 10
0
oD 600 750 900

o

P yield(%)
o

o

P yield

100 100
90
80 80 Temperature
70 =
S X 60
% o0 % M Series2
= 50 o 20
> 40 g
o
30 20
20
10 0
0 2 4 8 24
2 4 8 24 Time(h)
Time(h)
50 m150 m200
50 m150 m200
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Sludge studies

Effect of Acid

90
80
70
60
50
40
30
20
10

oD 600 750

M Oxalic acid ® Sulphuric acid

> Phosphorous recovery was found to be high at higher temperatures using both acids at 900°C
> Sulphuric acid has given highest recovery of phosphorous of 85%
» Liquid/Solid ratio of 150 and 200ml/g has shown higher recovery of phosphates

.
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dCUMIGETY - o Mechani - Comparison of Field
. Optimization Kinetics Sludge studies i
Studies . sm 8 scale/lab scale CBME i

Preparation of Activated carbon from DWW sludge

Sludge obtained from

CBME optimized run » Oven dried sludge Impregnation with ZnCl2

Adsorption of
Methylene Blue 300W, 600W and 900W

e T Microwave radiation@

£
II." 29-08-2026 60

e T e fe
adian Institate of Techaology Hyderated



1

e T e fe
adian Institate of Techaology Hyderated

Sludge characterization

EHT =10.00 kv

Sludge studies

Date :14 Apr 2018
Time :14:40:05

2 m Signal A = SE1
|_| WD =10.5 mm Mag = 20.00 K X
SEM image
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Studies ptimization Inetics

CHNS Sludge  Activated
Analysis carbon

Hydrogen 333%  2.2%

Nitrogen 0% 0%

L
-l 29-08-2026
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Mechanism

Sludge studies

Comparison of Field
scale/lab scale CBME

Conclusion

FTIR Analysis Activated carbon

-C=0

6

1037, 1026cm-1

2



MB adsorption study

MB adsorption

1400
y =11.893x + 531.03

1200

1000

800

t/qt

y = 8.0409x + 87.925

600 R?=0.8999

400 y=7.1467x + 36.423

R?2=0.9757
200
0 &
0 10 20 30 40 50 60 70
Time(min)
® 10mg A 20mg 30mg === Linear (10mg) Linear (20mg) === Linear (30mg)

£
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Sludge studies

MB adsorption Isotherm

Langmiur Adsorption Isotherm

16

14

12

10

Ce/qe

y = 18.403x - 0.8545
R?=0.9888
L

o N B OO

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Ce

» Carbon Yield was found to be high at 40% Zncl2 at 600W Microwave power

» Adsorption Isotherm was studied with Methylene Blue .

» Langmiur Adsorption isotherm was found to be fit with Activated Carbon prepared
indicating monolayer adsorption with irreversible adsorption

®
.l 29-08-2026
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Comparison of Field
Marigold flower processing Effluent Treatment Plant

Plant: Synthite Industries Ltd; Teligi, Davanagere District, Karnataka
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Initial Characterization

®
.l 29-08-2026
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Comparison of Field
scale/lab scale CBME

Parameters units MWW
pH 8.7
Electrical conductivity mS/cm 10.19mS/cm
Total Nitrogen mg/1 569.5
Total Organic Carbon mg/1 1180
COD mg/1 2080
TDS mg/1 5000
TSS mg/1 100
TS mg/1 5100
Total Phosphorous mg/l 220.5
Sulphate mg/l 359
Chloride mg/1 1473
Calcium mg/1 0
Magnesium mg/1 47.6
Sodium mg/1 543
Potassium mg/l 743
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Comparison of Field
scale/lab scale CBME

Comparison of lab scale & Field scale

Parameters Lab scale Field scale
Volume of the reactor(cu.m) 0.001 0.2
Electrode area (m) 0.15X0.034X0.003 0.6X0.194
Number of electrodes 15 132
Total surface area(sq-m) 0.0765 15.2484
Surface area /Volume ratio(sq.m/cu.m) 76.5 76.5
Inter Electrode gap(mm) 6 5
Energy Consumption (kwh/Cu.m) 10.5 10.07
Maximum amperage(A) 20 100
Maximum voltage(V) 250 400
Practical voltage consumed by effluent 30-40 300-400
Optimization parameters pH, RT, Current RT and Current

o
.. 29-08-2026
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ST scale/lab scale CBME
Lab scale Field scale

TOC TOC
Design of Source AdjMS F-value P-Value Source Adj MS F-value P-Value
Model 4314.2 479.50 70.87 0.000 Model 499.27 26.42 0.002
Linear 1246.16 415.6 61.41 0.000 Linear 724.43 38.33 0.000
Square 2879.78 959.3 141.92 0.0004 Square 386.60 20.46 0.000
2-way 9.30 2-way
interaction 188.63 62.88 0.0003 interaction 274.40 14.52 0.0002

Experiments

Experimental Phosphorous Phosphorous
runs Source AdjSS AdjMS F-value P-Value Source AdjSS AdjMS F-value P-Value
Model 9609.55 1067.88 105.75 0.003 Model 3126.22 632.50 55.24 0.003

Linear 1533.10 511.03 50.61 0.005 Linear 774.47 387.24 33.82 0.000
Square 7779.56 2573.29 256.73 0.003 Square 2018.07 1009.03 88.12 0.000

2-way 2-way
interaction 296.98 98.99 9.80 0.003 interaction 369.97 369.97 32.31 0.000

Model validation
by ANOVA

Model summary TOC Phosphorous Model summary TOC Phosphorous

Optimization by
RSM

71
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Optimization

TOC removal (%) =-152.1 + 44.87 pH + 10.72 RT + 25.64 Current - 3.599 pH*pH - 0.733 RT*RT-
4.30 Current*Current - 0.287 pH*RT + 0.682 pH*Current + 0.336 RT*Current (5)

TP removal (%) = -160.1 + 55.78 pH + 6.86 RT + 26.86 Current - 5.092 pH*pH - 1.081 RT*RT -
7.74 Current*Current + 0.742 pH*RT + 1.786 pH*Current + 1.058 RT*Current (6)

Field-scale

TOC removal (%) =-39.74 + 12.67 RT + 2.528 Current - 0.539 RT*RT - 0.01767 Current*Current-
0.1073 RT*Current 7)

TP removal (%) = 6.59 + 12.06 RT + 0.850 Current - 1.416 RT*RT - ®)
0.01504 Current*Current + 0.1246 RT*Current

o
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Preliminary - - . : Comparison of Field )
: Optimization Kinetics Mechanism | Sludge studies
Studies e I 5 scale/lab scale CBME coneSon

Lab scale

Surface Plot for TOC

Surface Plot for TP

100
50
™
10 0 10
5 RT -50 5 RT
50 50
T pH 100

15
. - 0
80
TP 60
35 4 35
2urrent Y 2Zurrent
5 0 15

TOC

TOC

H
0
5 B 5
RT 10 RT 10

£
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Preliminary D C . : . Comparison of Field
: Optimization Kinetics Mechanism | Sludge studies i
Studies pHmiz : 5 scale/lab scale CBME Conclusion

Field scale

Surface Plot for TOC

Surface Plot for TP

60

40
TOC

20

80 80

60 60

40 Current 40 Current

20

20

£
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Comparison of Field
scale/lab scale CBME

Lab scale Optimization Field scale Optimization

Optimal pH RT Current i aT
High 100 100 40 S Tah 10.0
Or 095920 D 0OEL5
fo s [£.50] [£.8333] [25384] Cur [6.6414]
Fredict Low 10 050 10 Predict Low 050
T00 TP \
M axirmum Ml azcirnumm
¥ = TB.E050 ¥ = TO.F36E0
d = 1.0000 d = 10000
P T
Maxirmurn M asdirnun
y = B41508 v = 672036
d = 09R404 d = 0597120

@
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Comparison of Field
scale/lab scale CBME

Field scale plant performance before optimization

Monthly average-COD

62 60 63
60
50 52

,\; 50
T 42
g0
2
g
= 30
S
£
]
& 20

10

0

October November December October November December
2017

2016
Year

.
].l‘ 29-08-2026

e T e fe
lagian Institate of Technoi ogy Hyderabed



Comparison of Field
scale/lab scale CBME

Comparison of Lab scale & Field scale optimization

Parameters Lab scale Field scale
pH 6.5 8.5 (Existing pH)
Reaction time(min) 6.8 6.6
Current(Amps) 2.9 51.3
Surface area /Volume ratio(m2/m3) 76.5 76.5
Energy Consumption (kwh/m3) 10.5 10.07
TOC removal (Optimized) 78.57% 72%
TOC removal Verified 75% 69%
TP removal (Optimized) 84.5% 70%
TP removal Verified 80% 62%
COD removal efficiency 85% 80%
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reliminary - - : . Comparison of Field
: Optimization Kinetics Mechanism | Sludge studies i
Studies Pz ! 5 scale/lab scale CBME Conclusion

Number of Time in Electrical Electrode Electrical Electrode Total References
Electrodes  minutes consumption consumption(kg/ cost/cu.m(R cost/cu.m operating
(kwh/cu.m) cu.m) s.6/kwh) (Rs.50/kg  cost/cu.m
Iron)
Monopolar 2 30 39.7 0.82 238.2 41 279.2 Ilhan et al., 2008
Monopolar 10 90 16.2 1.17 97.2 58.5 155.7 Lietal., 2011
Monopolar 6 180 30 1.73 180 86.5 266.5 Yavuz; 2007
Monopolar 2 360 37.44 1.8 224.6 90 314.6 Susree et al., 2013
Monopolar 3 50 19.4 3.7 116.4 185 301.4 Zaieda et al.,2009
Monopolar 6 90 33.7 1.3 202.5 65 267.5 Mabhesh.S et al.,
2006
Monopolar 2 180 225 0.433 1350 21.65 1371.65  Farshi et al.,2006
Monopolar 2 120 400 34 2400 170 2570 Khandegar et al.,
2012
Monopolar 2 90 202 1.8 1212 90 1302 Jadav et al., 2015
Bipolar 15 6.44 10.6 0.123 63.6 6.15 69.75 Lab scale
prototype
II @ ﬁipolar 132 6.4 10.07 1.58 60.20 79 139.2 Field scale Plant
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 Conclusion

Conclusion

» Continuous Bipolar Mode Electrocoagulation(CBME) system has been proved to be
efficient in removal of Recalcitrant carbon and Nutrient Phosphorous from wastewater

» Optimization studies of POME and DWW revealed the removal efficiencies of TOC and
TP were above 70% and 80% respectively.

» Sludge 1s characterized to form iron phosphates which actually can be directly used for
organic farming, lithium battery making or manufacturing of paint coatings.

» Carboxylic acid groups found in sludge can be used in pharmaceutical and polymer
industries

» Kinetic studies revealed higher rates of reactions of POME and DWW at higher current
densities and at near neutral pH both TOC and TP.
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 Concluson

Conclusion..

» Adsorption isotherm study emphasized on good fits with Frendulich isotherm, which
indicates multilayer adsorption which is reversible for both the pollutants.

»Removal mechanism of phosphorous revealed that chemical precipitation and adsorption
takes place at all the pH values simultaneously because of the shift in pH value with time.

»Removal mechanism of organic carbon was found to be possible oxidation at higher
initial pH values in POME and at lower pH values in DWW. However, Adsorption was
evident at all the pH values

» Enhancement of CBME can be done by series configuration for recalcitrant carbon and
Phosphorous removal. Series configuration has shown 91% removal of TP and 82-88%
removal of TOC
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Conclusion..

» Microwave irradiation was effective for removal of TOC with 86-90% removal efficiency
in both the effluents.

» Sludge obtained from POME was studied for Phosphorous recovery.

» Phosphate recovery was found to be maximum with sulphuric acid for sludge heated at
900°C.

» Sludge obtained from DWW was found to be potential for conversion into activated
carbon, for methylene blue adsorption.

» Methylene blue adsorption studies indicated the Langmiur adsorption isotherm indicating
the monolayer adsorption
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Conclusion..

» Pilot scale and field scale CBME systems have found to be reacted in a similar fashion
which indicates lab scale system parameters can be used for upscaling of the reactor.

»pH, Reaction time, Surface area/Volume ratio and Energy consumption was found to be
potential design parameters for design of CBME system in Field scale.

Initial pH 5.5-6.6
Reaction time(min) 6-8
Surface Area/Volume ratio(m2/m3) 76.5
Energy Consumption(kwh/m3) 10-22.4
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Conclusion

Conclusion..

» Microwave irradiation incorporation inside the CBME system can be a future scope of
study

» Operating cost was found to be low compared to monopolar mode Electrocoagulation
systems even at field scale

» This research study helped in improvising the performance of the reactor at field scale.
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