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A Kinetic model & Design of experiments

1.0
0.8
0.6
g
o
04
0.2
Rate constant - BA: 0.228 h'!
Rate constant - NB: 0.502 h-!
0.0
0 10 20 30 40 50 60

Time (min)

O BA degradation © NB degradation

Figure A.1: Simultaneous degradation of 10 uM BA and NB in 10 mM NazSOy4 solution at 0.09 A.



Table A.1: Simplified experimental and computational approach to unravel the distribution of degradation mechanisms in scenarios A to D.

Exp.

Operating conditions

Model implementation

Calculated parameter

11

12

13

Target

BA photodegradation in SO42~ and
NO3~ medium (no current applied).

Electrogeneration of HoO2 and

S2082~ in SO42~ and NO3~ medium

without BA (current applied).

BA degradation in pure water with
methanol as scavenger for *OH
radicals (current applied). Sodium
acetate was added to increase the
conductivity.

BA degradation in SO42~ medium
with tert-butanol as scavenger for
*OH radicals (current applied).

BA degradation in SO42~ medium
(current applied).

BA degradation in NO3~ medium
(current applied).

BA degradation in SO42~ and NO3~
medium (current applied).
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Table A.2: Simplified experimental and computational approach to unravel the distribution of degradation mechanisms under the Taguchi design.

Exp. Operating conditions Model implementation Calculated parameter

4 Electrogeneration of HoO2 and Not applicable [H202], [S20527]
S20g2~ in SO42~ medium without
BA (current applied).

8 BA degradation in pure water with  kpa g =| Aoz | + | ROS | | Aow | + | ROS |
methanol as scavenger for *OH
radicals (current applied). Sodium
acetate was added to increase the
conductivity.

11 BA degradation in SO42~ medium ka1 =| SO;™ |+ | Aoz | + | ROS | | SO;~ |
with tert-butanol as scavenger for
*OH radicals (current applied).

Target BA degradation in SO42~ medium kovs,Ba =| SO;™ | +| Ao | + | ROS |+ | S
(current applied).

| S,

*OH,S03~ *OH,SO3~




B Electrode characterisation

Table B.1: Electrode characterisation results.

Electroactive surface area Mass transfer coefficient
Electrode 2 )
(cm?) (km, ms™%)
Nb/BDD 57.1 1.52:107°
Si/BDD 46.6 1.52:107°
Nb/BDD-Ag 170.1 1.52:107%

Figure B.1: AFM topographic and profile scans (10x10 pm?) of commercial (a),(c) Nb/BDD and (b),(d)
Si/BDD electrodes.

Figure B.2: Elemental mapping of the Nb/BDD-Ag electrode based on EDS analysis.
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Figure B.3: SEM images of electrodeposited Nb/BDD-Ag during a 10-h stability test at 90 mA in 50 mM
NaQSO4.
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Figure B.4: SEM images of electrodeposited Nb/BDD-Ag during a 10-h stability test at 180 mA in 10 mM
NaQSO4.
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Figure B.5: Blank stability tests of a freshly prepared Nb/BDD-Ag electrode.
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Figure B.6: Silver particles density distribution during stability tests at (a) 90 mA in 50 mM NaySO4 and (b)
180 mA in 10 mM NaoSOy.



C Distribution of degradation mechanisms: Influence of oper-
ating conditions on a commercial BDD

Table C.1: Insights into the BA degradation mechanisms through scenarios A to D.

Parameter Rate constant (h—1)
Scenario A Scenario B Scenario C Scenario D
[SO:™| 0.107 0.075 -0.084 0.107
[Aoz| + |ROS| 0.177 0.177 0.301 0.177
S, o -0.022 0.102 0.152 -0.022
| *0H,50} |
SqHe— - -0.074 -0.151 0.204 -0.068
| 5037 ,NO; |
S, — 0.023 0.021 -0.087 -0.057
! *OH,NO; |
Ayo— 0.002 0.004 0.004 0.031
Pos |
[S203™ | 0.000 0.000 0.000 0.000
|H203| 0.000 0.000 0.000 0.000
Kobs, BA 0.212 0.228 0.490 0.168
Table C.2: Comparative analysis of scenarios A to D.
Cases Change kops,pa |SO] | |Aoz| + |ROS| ‘S'OH,SOZ’I |SSOZ’,N0;‘ |S,OH’N0§|
A&B 180427 +7%  -30% ~ +562% -103% -10%
B& C 1 Current +115% -213% +70% +48% +235% -520%
A&D 1tNO3~ -21% ~ ~ ~ +8% -346%

Table C.3: Observed experimental results during the degradation of BA with the commercial Nb/BDD elec-

trode.
Scenario Fobs,BA S20s" H,0; pH Initial COD Limiting
(h~1') formation (mM) formation (mM) change (mg O3 L71) current (mA)
A 0.212 0.096 £ 0.006 0.084 +£ 0.001 2.12 + 0.38 5.97 £ 0.17 6.28
B 0.228 0.121 £ 0.003 0.108 £ 0.006 2.44 £ 0.37 6.43 £ 0.15 6.76
C 0.490 0.211 £ 0.006 0.205 £ 0.002 2.45 £ 0.05 6.43 £ 0.15 6.76
D 0.168 0.083 £ 0.001 0.074 £ 0.002 2.27 £ 0.41 7.79 £ 1.59 8.19
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Figure C.1: Degradation profiles of BA in the experiments defined in Table A.1 for scenarios A to D.
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D Distribution of degradation mechanisms: Taguchi optimisa-
tion

Table D.1: Insights into the BA degradation mechanisms under the Taguchi design.

Parameter Rate constant (h—1)
Taguchi 1 Taguchi 2 Taguchi 3 Taguchi 4 Taguchi5 Taguchi 6
|SO:™| 0.107 -0.084 -0.053 -0.126 0.115 0.116
|Aoz| + |ROS)| 0.177 0.301 0.237 0.335 0.021 0.053
S, - -0.022 0.152 0.115 0.127 0.010 0.036
| *0H,50} |
|SQO§7| 0.000 0.000 0.000 0.000 0.000 0.000
|H202| 0.000 0.000 0.000 0.000 0.000 0.000
kobs, BA 0.262 0.368 0.299 0.337 0.146 0.205

Table D.2: Observed experimental results during the degradation of BA under the Taguchi design.

Taguchi kyps. 54 S,0g2~ H>0- Initial COD Limiting
test (hil) formation (mM) formation (mM) pH change (mg O3 L71) current (mA)
1 0.262 0.035 4+ 0.001 0.025 £+ 0.002 1.51 4+ 0.30 8.07 £+ 0.37 8.48
2 0.368 0.132 £+ 0.002 0.108 + 0.005 2.14 £ 0.37 9.59 + 0.16 10.08
3 0.299 0.012 £+ 0.004 0.005 £ 0.002 2.55 £+ 0.46 9.59 £ 0.16 8.22
4 0.337 0.020 £+ 0.003 0.015 £ 0.001 1.57 + 0.33 8.07 £ 0.37 6.92
5 0.146 No detection No detection -0.58 + 0.02 9.59 + 0.16 29.99
6 0.205 No detection No detection 0.92 £+ 0.27 8.07 + 0.37 25.24




Table D.3: Insights into the influence of the optimal experimental conditions (i.e., electrode type, current
applied, and initial sulfate concentration) attained via ANOVA on the selected Taguchi optimisation
targets, that is, aiming to maximise the degradation via sulfate radicals, synergy between hydroxyl
and sulfate radicals, and direct oxidation and reactive oxygen species as well as the overall BA

degradation rate constant

Parameter DoF Sum Sq Mean Sq Contribution Optimum
Sulfate radicals
Electrode type 2 0.042 0.021 70.6% Nb/BDD-Ag
Current applied 1 0.012 0.012 19.4% 180 mA
Initial sulfate concentration 1 0.006 0.006 10.0% 50 mM
Total 4 0.059 - 100% -
Synergy hydrozyl/sulfate radicals
Electrode type 2 0.010 0.005 52.1% Si/BDD
Current applied 1 0.008 0.008 40.2% 180 mA
Initial sulfate concentration 1 0.001 0.001 7.8% 50 mM
Total 4 0.019 - 100% -
Direct oxidation and reactive oxygen species
Electrode type 2 0.070 0.035 84.5% Si/BDD
Current applied 1 0.011 0.011 12.9% 180 mA
Initial sulfate concentration 1 0.002 0.002 2.6% 10 mM
Total 4 0.083 - 100% -
BA degradation rate constant

Electrode type 2 0.027 0.013 79.4% Si/BDD
Current applied 1 0.007 0.007 20.5% 180 mA
Initial sulfate concentration 1 0.000 0.000 0.2% 50 mM
Total 4 0.033 - 100% -

DoF': degrees of freedom, Sum Sq:

sum of squares, Mean Sq: mean of squares.
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Figure D.1: Degradation profiles of BA in the experiments defined in Table A.2 under the Taguchi design.
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Figure D.2: Taguchi results when maximising the contribution of multiple degradation mechanisms (i.e., sul-
fate radicals, synergy between hydroxyl and sulfate radicals, and direct oxidation and reactive
oxygen species) as well as the BA degradation rate constant. Optimum levels per parameter and
maximisation target are highlighted in blue.
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E Literature review

Table E.1: Comparison with previous studies on BA degradation.

s Total . Degradation BA removed
Initial Anolyte Electrical
BA Electrode area composition parameters rate constant per hour Source Comments
(em?) (h™1) (mg L™1)
: Our Optimum BA
10 uM Si/BDD 96 50 mM NapSOy 180 mA 0.366 0.4 study degradation
10 pM Nb/BDD 64 10 mM NasSO4 90 mA 0.262 0.3 s?uiiry Taguchi 1
10 uM Nb/BDD 64 50 mM NaSO4 180 mA 0.368 0.4 Sg;‘;y Taguchi 2
10 uM Si/BDD 96 50 mM Nag SOy 90 mA 0.299 0.3 ng(liry Taguchi 3
10 uM Si/BDD 96 10 mM NaSOy4 180 mA 0.337 0.3 Sgl“dry Taguchi 4
10 uM  Nb/BDD-Ag 64 50 mM NagSO4 90 mA 0.146 0.2 Sgllgy Taguchi 5
10 pM Nb/BDD-Ag 64 10 mM NagSOy4 180 mA 0.205 0.2 sglljiry Taguchi 6
Flow cell
-1 )
150 mg L BDD 70 50 mM NapSOy 18 A - 39.0 [1] initial pH 3.8
Flow cell
—1 _ )
150 mg L BDD 70 50 mM NaySOy4 18 A 13.0 [1] initial pH 10
400 mM NagSOy,
10 mM BDD 10100 mM NaHzPOu, , ijf C\l’n_Q) - 341.9 2] mFlltCl’a‘ﬁ “13;176
100 mM NagHPO4 = P
Different
-1 B -2
50 mg L PbOs 100 mM NasSO4 150 mA cm 0.0259 1.3 3] electrode
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