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1 Measurements of cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS)
curves

1) CV measurement conditions for the MnOy/Ti flow-through anode

The scanning electrolyte solution was 7 g/L Na;SO4 with and without 600 mg/L AO7 at a scan
rate of 10 mV/s.

2) CV measurement conditions for the biofilm-attached carbon felts

The reactor used for CV measurements consisted of an anode chamber (3 cm x 3 cm x 2 cm) and a
cathode chamber (3 cm x 3 cm x 2 cm) separated by a cation exchange membrane (CEM, project
area of 3 cm x 3 cm). The cathode chamber with an inserted saturated calomel electrode was filled
with the biofilm-attached carbon felts. The Pt counter electrode was inserted into the anode chamber.
The electrolyte solution in the anode chamber was 7 g/L. Na;SO4 and 600 mg/L AO7. Four types of
electrolyte solutions were scanned in the cathode chamber, including the cathode influent, the
nutrient solution, 600 mg/L AO7 solution, and 300 mg/L AO7 solution. Specifically, the cathode
influent was prepared by mixing the anode effluent (obtained under the current of 6 mA, the flow
rate of 0.25 mL/min, and the feed AO7 concentration of 600mg/L) with 3.4 g/L KH2PO4, 5.7 g/L
K2HPO4-3H,0, and 0.44 g/L NH4CI. The nutrient solution contained 3.4 g/L KH2PO4, 5.7 g/L
K2HPO4-3H,0, and 0.44 g/L NH4CI in deionized (DI) water. The 600 or 300 mg/L AQ7 solutions
were prepared by mixing 600 or 300 mg/L AO7 with 3.4 g/L KH2PO4, 5.7 g/L K:HPO4-3H,0, and
0.44 g/L NH4CI in DI water. The four types of electrolyte solutions were aerated in a bottle and
recirculated between the bottle and the cathode chamber during measurements. The cathode influent
was aerated with N2 or air while the other three electrolyte solutions were aerated with only air. The
scan rate was 1 mV/s and the scan range was —1.2-0 V vs. SCE.

3) EIS measurement conditions for the biofilm-attached carbon felts and pristine carbon felts

The reactor used for EIS measurements was the same as that used in the CV measurements for the
biofilm-attached carbon felts as described above. The electrolyte solution in the anode chamber was
7 g/L Na2SO4 and 600 mg/L AQ7. The electrolyte solution in the cathode chamber was prepared by
mixing the anode effluent (obtained under the current of 6 mA, the flow rate of 0.25 mL/min, and
the feed AO7 concentration of 600 mg/L) with 3.4 g/L KH2POa, 5.7 g/L K;HPQO4-3H,0, and 0.44
g/L NH4CI. The frequency range was 0.001-10° Hz and the scan rate was 5 mV/s at the open circuit
condition.
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2 Calculation of COD and AO7 removal efficiencies

1) During the startup period of the electrocatalytic biofilm reactor (ECBR)

During the startup period of the ECBR, the anodic (Ra, cop), cathodic (R¢, cop), and total (R;, cop)
COD removal efficiencies were calculated using Egs. (S1)—(S3).

R =C0Da, influent_CODa, effluent
a, COD CODg, influent l

(S1)
where CODj infiuent and COD, esien: are the COD concentrations in the anode influent and
effluent bottles (mg/L), respectively.

_COD,—COD;
Re,co™ o, — (S2)

where CODy, is the initial value of COD concentration (mg/L) in the cathode circulation bottle;
COD; is the COD concentration (mg/L) in the cathode circulation bottle on the day t.

CODj, influent—COD¢ 4
o _COD: atan-CODes s3
t, COD CODg, influent ’ ( )

where CODy infiuent 1S the COD concentration in the anode influent bottle (mg/L); COD,, is the
COD concentration in the cathode circulation bottle on the 4" day of every cycle (mg/L).

2) During the continuous operation period of ECBR

During the continuous operation period of ECBR, the anodic (R, cop), cathodic (R¢, cop), and
total (R; cop) COD removal efficiencies were calculated using Egs. (54)—(S6).

R =CODa, influent —CODsa effluent
a, COD CODg, influent l

(S4)
where CODy infiuent and COD, esien: are the COD concentrations in the anode influent and
effluent bottles (mg/L), respectively.

R =C0Da, effluent_CODc, effluent
¢, Cob CODg, effluent ’

(S5)
where CODy effyent and CODy esient @re the COD concentrations in anode and cathode effluent
bottles (mg/L), respectively.

COD; infiuent—CODceffiuent
R - a, in > 86
t, COD CODg, influent ’ ( )

where CODy infiyent and CODyg esient are the COD concentrations (mg/L) in anode influent and
cathode effluent bottles, respectively.

AO7 removal efficiency in the ECBR was calculated using Eq. (S7).

S2



_AO7a, influent_AO7c, effluent
Recer, A0 507" : (S7)
a, influent

where AO7, infiient @Nd AOT7, ruent are the AO7 concentrations (mg/L) in the anode influent
and cathode effluent bottles, respectively.

3) For the electrocatalytic reactor-stainless steel mesh cathode (ECR-SS) and biofilm reactor
(BR)

COD removal efficiencies of ECR-SS and BR were calculated using Eq. (S8).

CODinfiuent —CODEffiuent
R = S8
cob CODjnfiuent ' ( )

where CODjpiuent @and CODggruent are the COD concentrations (mg/L) in the influent and
effluent bottles, respectively.

AO7 removal efficiencies of the ECR-SS and BR were calculated using Eq. (S9).

R =AO7Inﬂuent—AO7EﬁIuent
AOT AOT Influent '

(S9)

where AO7 yfiuent @aNd AO7esruent are the AO7 concentrations (mg/L) in the influent and effluent
bottles, respectively.

3 Calculation of energy consumption

The energy consumption (EC, kWh/kg COD) of ECBR and ECR-SS was calculated using Eqg.
(S10) (Moreira et al., 2017).

_ Ul
_1000Q (CODnfiuent-CODE¢fent) ,

EC (S10)

where U is the applied voltage (V), | is the applied current (A), Q is the treated flow rate (L/h). For
ECBR, CODjpfiyent and CODggiyent are the COD concentrations (kg/L) in the anode influent and
cathode effluent bottles, respectively. For ECR-SS, CODysiuent and CODggiyent are the COD
concentrations (kg/L) in the influent and effluent bottles, respectively.

4 Analysis of intermediate products of AO7

The intermediate products of AO7 were detected using the gas chromatography-mass spectrometry
(GC-MS, QP2020NX, Shimadzu, Japan). The samples were subjected to the solid phase extraction
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before the GC-MS analysis. The solid phase extraction included the following three steps: 1) 10 mL
methanol and 10 mL ultrapure water were used to activate the Waters Max-C18 column (Waters,
USA); 2) 100 mL sample was sucked through Waters Max-C18 at a flow rate of 4 mL under vacuum
and then was eluted using methanol; 3) The eluate was concentrated by the termovap sample
concentrator and saved to a 1.5 mL sample bottle. GC-MS measurements were performed with the
SH-Rxi-5Sil MS column (30 m x 0.25 mm x 0.25 pum; Shimadzu, Japan). The column temperature
program was as follows (Cao et al., 2017): the temperature was hold at 50°C for 2 min, increased
to 250°C at 10°C/min, hold at 250°C for 1 min, increased to 300°C at 5°C/min, and hold at 300°C
for 2 min. The temperatures of the interface source and the ion source were 280°C and 220°C,
respectively. The electron energy of electron ionization was 70 eV and the scan range was from 40
to 700 m/z.

The intermediate products of AO7 were also analyzed with the high performance liquid
chromatography-mass spectrometry (HPLC-MS, 1290-qtof6550, Agilent, USA) equipped with a
C18 column (Waters BE, USA; 2.1 mm x 50 mm x 1.7 um). The mobile phase was the mixture of
methanol and ultrapure water at a flow rate of 0.3 mL/min. The gradient elution was used and the
elution procedure was shown in Table S1. The injected volume of samples was 2 uL. MS used the
negative ion modes. In the negative ion mode, the voltage was 3200 kV; the sphericular gas
temperature was 350°C; the flow rate of sphericular gas was 12 L/min. The M/Z range was 20-600.

5 Analysis of hydroxylated products of salicylic acid (SA)

2,3-DHBA, 2,5-DHBA, and catechol, the three hydroxylated products produced by the reaction
between SA and -OH, were measured by the high performance liquid chromatography (HPLC,
DGU-A20, Shimadzu, Japan) equipped with a C18 column (dimension of 4.6 mm x 250 mm,
Shimadzu, Japan) and a UV-diode array detector (Fernandez-Castro et al., 2015). Methanol/0.1%
phosphoric acid (40:60, v/v) was used as the mobile phase at a flow rate of 0.7 mL/min and the
column temperature was 40°C (Mo et al., 2020). The wavelength for the detection of the three
hydroxylated products and SA was 210 nm. The retention time of 2,3-DHBA, 2,5-DHBA, catechol,
and SA was 23.001, 16.982, 15.616, and 42.381 min, respectively.

6 Calculation of current contributed by AO7 reduction

Current (I, A) contributed by AO7 reduction was calculated using Eq. (S11).

_4xQxA07xNAx1.602x1071°

| 350.34 !

(S11)

where Q is the treated flow rate (L/s); AO7 isthe AO7 concentrations (g/L) in the cathode

influent bottle; NA is avogadro constant (1/mol); 1.602x10-%° is the unit electric charge (C);
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350.24 is the molar mass of AO7 (g/mol); 4 is electron number required by one AO7 molecule to
be reduced (Eqg. (S12)).

Ci6H1N204SNa+4H " +4e'-CsHgNSO3Na+CioHgNO

Table S1 The mobile phase gradient elution procedure for HPLC-MS.

(S12)

Time (min) Methanol (v/v, %) H20 (v/v, %)
0-10 90 10
10-15 90-10 10-90
15-20 10 90
20-21 10-90 90-10
21-22 90 10

Table S2  Comparison of the electrocatalytic biofilm reactor with the anodic oxidation process in removing azo

dyes.
No. Azo dye Anode COD Removal ECD Reference
Efficiency (%) (kWh/kg
COD)

1 Acid Red G PbO2/Ti+Fe304/Sb-SnO2  65.89 (120 min) ¥ 1060 Yuan etal.,
(100 mg/L) particles 2019

2 Amaranth dye Pt-SnSh/Ti 70.3 (360 min) 700 Fajardo et al.,
(100 mg/L) 2017

3 Acid Yellow 23 Graphite 76 (20 min) 730 GilPavas et al.,
(100 mg/L) 2016

4 Mordant Blue 13 IrO2/RuO/Ti 79 (240 min) 113 Kenova et al.,
(200 mg/L) 2018

5 Acid Black 2 Boron-doped diamond 90 (99 min) 83.51 Wan et al., 2019

(Concentration

unknown)

6 Acid Violet 7 Boron-doped diamond 82.2 (120 min) 1180 Brito etal.,
(200 mg/L) 2018

7 Basic Red 13 PUTI 99.9 0.98 Ozturk and
(100 mg/L) (Time unknown) Yilmaz, 2020

8 Methyl Orange B-Ni(OH)2/Nickel foam 63.0 (180 min) 222 Sunetal., 2018
(65 mg/L)

Notes: a) The time shown in the bracket is the electrolysis time; b) Energy consumption.
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Table S3 Comparison of the electrocatalytic biofilm reactor with the bioelectrochemical systems (BESS) in

removing azo dyes.

No. Azo dye BES Co-substrate COD Removal Reference
Efficiency (%)

1 Acid orange 7 (100 MEC? Glucose 51.19 Wang et al., 2018

mg/L) (Concentration
unknown)

2 Acid orange 7 (100 MEC+BCOY Glucose 89.12 Wang et al., 2018

mg/L) (Concentration
unknown)
3 Reactive brilliant BERY Glucose (250 mg/L) 82.9 Sun et al., 2022
red X-3B (200

mg/L)

4 New coccine (25 MFC9 Sodium acetate 73 Oon et al., 2017
mg/L) (440 mg/L)

5 Acid orange 7 (200  Stacked MEC  Glucose (1000 mg/L) 50.9 Kong et al., 2018
mg/L)

6 Methyl orange (300 3D-EF®)- Glucose 84.1 Sun et al., 2022
mg/L) MFCs (500 mg COD/L)

7 Reactive brilliant BER Glucose (400 mg/L) 75.64 Caoetal., 2018

red
X-3B (200 mg/L)

8 Cong red (700 MFC Glucose (2500 mg/L) 73.96 Prajapati and

mg/L) Yelamarthi, 2020

Notes: a) Microbial electrolysis cell; b) Biocontact oxidation; ¢) Biofilm electrode reactor; d) Microbial fuel cell;

e) Electro-Fenton.
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Table S4 Intermediate products of AO7 in the electrocatalytic biofilm reactor analyzed by GC-MS and HPLC-

MS.
Sample Methods Retention Molecular Product name Product structure
time (min) formula
Anode GC-MS 11.675 CsHsO4 Phthalic acid j\
effluent T ~ 0l
| Lz o
I
12.14 CsHsO2 Phthalate a
1\
\
HPLC-MS 1.804 CeH402 Benzoquinone o
#
2.345 CsHs0s Phthalic acid j\
T ~ Ol
| Lz o
4]
4.28 C10HsO 1-naphthol OH
Cathode GC-MS 3.31 CeH140 2-hexanol OH
effluent M
6.94 CsH180 2-propyl-1- I
pentanol
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Fig. S1 Schematic diagrams of the electrocatalytic biofilm reactor (ECBR) (a), electrocatalytic reactor-stainless
steel mesh cathode (ECR-SS) (b), and biofilm reactor (BR) (c).
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Fig. S2 Schematic diagram of the electrocatalytic biofilm reactor (ECBR) with the cathode chamber operated in
the batch mode during the startup period.
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Fig. S3 The cathodic (a) and total COD removal efficiencies (b) after the operation mode of the electrocatalytic

biofilm reactor (ECBR) was switched to the continuous mode.
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Fig. S4 UV-vis absorption spectra of the AO7 synthetic wastewater before (anode influent) and after (anode
effluent and cathode effluent) treatment in the electrocatalytic biofilm reactor (ECBR). Operation conditions: the
AQ7 concentration was 600 mg/L; the current was 6 mA; the treated flow rate was 0.25 mL/min.
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Fig. S5 High performance liquid chromatography of 2,3-DHBA (a), 2,5-DHBA (b), catechol (c), and salicylic
acid (d). The retention time of 2,3-DHBA, 2,5-DHBA, catechol, and SA was 23.001, 16.982, 15.616, and 42.381

min, respectively.
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Fig. S6 High performance liquid chromatography analysis on the hydroxylated products of salicylic acid after
treated in the anode chamber of the electrocatalytic biofilm reactor. The electrocatalytic biofilm reactor was
operated under 6 mA. The anode influent contained 600 mg/L salicylic acid and 7 g/L Na2SOa (pH was adjusted to
6.8).
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