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Text S1: Synthesis of Zn-Al@HC photocatalyst

For preparation of Solution 1, ZnO (5.94 gm) was added to 10 mL of distilled water and
Solution 2 was prepared by adding 15 gm of Al,O5 in 10 mL of distilled water. Solution 2 was
then slowly mixed into Solution 1. Simultaneously, ammonia solution was added drop-wise
and the solution was stirred using a magnetic stirrer until the attainment of pH of 9.0 for
complete precipitation of the photocatalyst. Then, the as-synthesized photocatalyst was
filtered, washed multiple times with distilled water, and oven-dried for 24 h at 105 °C to obtain
the Zn-Al crystals. The above-synthesised photocatalyst was added to the AD-FW in the ratio
of 1:30 (w/v) and both were immersed in 15 mL isopropyl alcohol. Further, the homogenization
of the mixture was done using an ultrasonication bath at 50 °C for 45 min !. After,
ultrasonication the homogenized mixture was subjected to hydrothermal carbonization (HTC)
in an autoclave at 210 °C for approximately 4 h. The composite HC obtained was then filtered,
washed multiple times, and oven-dried at 105 °C for 12 h.

Text S2: Physicochemical, morphological, and electrochemical characterization

The crystalline phases through X-ray diffraction (XRD) patterns (X-ray diffractometer; Bruker
D2 PHASER; Cu K, radiation, A = 0.15418 nm, scan angle range 20 = 10—90°, Germany).
Surface functional groups and morphology of the catalysts were detected through Fourier
transform infrared spectroscopy (FTIR; FTIR spectrometer; Nicolet 6700; Thermo Fisher
Scientific, Germany) and Scanning electron microscopy (SEM; MERLIN, Zeiss, Oberkochen,
Germany) operated at 10 kV and elemental constituents by Energy dispersive spectroscopy
(EDS) operated at 15 kV, respectively 2. The surface elemental compositions and their
respective chemical states in Zn-Al@HC were determined using the X-ray photoelectron
spectroscopy (XPS) with a PHI-5000 VersaProbe III spectrophotometer (ULVAC-PHI INC,
Kanagawa, Japan) using Al K, X-ray source 3.

The electrochemical analysis in terms of cyclic voltammetry (CV), Linear sweep voltammetry
(LSV), chronoamerometry (CA), and Electrochemical impedance spectroscopy (EIS) were
conducted in an electrochemical workstation (CHI 760D, CH Instruments, Inc., USA) using a
3-electrode system. The system comprised of glassy carbon electrode (GCE) modified with the
prepared catalyst-working electrode; Ag/AgCl-reference electrode; and a Pt wire-counter
electrode. The CV of the Zn-Al@HC was recorded at the potential window of —1 to 1 V, with
scan rates of 10 mV s™!, in O, saturated aqueous solution of 50 mM Na,SOy, 3.

Text S3. UV/PDS/Zn-Al@HC photocatalytic degradation experiment and optimization

The experiment was conducted in a dark cylindrical reactor having working volume of 1 L,
placed on a magnetic stirrer at a rotation speed of 410 RPM. Initially, the Zn-Al@HC
concentration was varied from 5 to 20 mg L™! with the constant initial dose of PDS (0.01 M).
The photocatalytic degradation was conducted using 50 mg L™ initial concentration of model
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pollutant (SA) and the solution was prepared using distilled water at neutral pH (~ 7.0) and
room temperature (25 °C). The initial concentration of SA was adopted based on the previous
work done by Priyadarshini et al. (2023).

The degradation pathway and probable intermediates of SA degradation by Zn-Al@HC
catalyst were predicted using liquid chromatography-mass spectrometer (LC-MS, Thermo
Fisher, LTQ-XL, India) and compared with the reported literature. The MS fragmentation data
were collected in positive electrospray ionization mode and m/z range of 150 to 600 >~7. To
understand the role of reactive species *OH and SO, tert-butyl alcohol (TBA) as scavengers
were adopted to eliminate the "OH radicals and methanol (MeOH) to scavenge both the SO4™~
and *OH 8. The primary ROS generated in the system were investigated using Bruker pulsed
Electron Paramagnetic Resonance (EPR) spectroscopy (ELEXSYS 580, USA). DMPO was
employed as the spin-trapping reagent to capture SO4"~ and "OH. Further, the role of -, 2", and
O, ~ were evaluated using the quenching agents CCly, Na,-EDTA, and benzoquinone (BQ),
respectively. The inhibition effect was evaluated for each scavenger.

Further, to evaluate the mineralization efficiency of SA, the Total organic carbon (TOC) was
monitored with catalyst Zn-Al@HC concerning the irradiation time. The TOC content of the
SA solution (experimented under the optimized condition), was analysed using the Shimadzu
TOC-5000 analyser, USA °.

The optimization of SA initial concentration was performed for the 30, 50, 70, and 90 mg L.
Similarly, the effect of oxidant dosage was analysed for 0.005, 0.01, 0.015, and 0.02 M. Further
the parameters were optimized and triplicate tests were performed for the accuracy of the
results obtained. The effect of different operational parameters was analysed by varying one
parameter at a time methodology. Control experiments were done to investigate the individual
effect of Zn-Al@HC, UV, PDS, Zn-Al@HC/PDS, Zn-Al@HC/UV, UV/PDS, UV/Zn-Al@HC
for further comparison with the present treatment.

Text S4. Effect of aqueous matrix and residual sulphate (SO42")

The SA was spiked up to the concentration of 50 mg L™! in the three-water matrices, and the
experiment was performed at the optimum condition of catalyst and oxidant dose for a reaction
time of 150 min (including 30 min adsorption). Results showed (Fig. S4 (a, b)) the lower
degradation efficiency of 78.19 + 0.10% and 70.95 + 0.25% in the wastewater treatment plant
(WWTP) effluent and tap water matrix compared to the distilled water. These results suggest
that the existence of conflicting reactions between the reactive radical species and the
background species present in the selected water matrix decreased the available radicals for the
effective degradation of SA. Moreover, the dissolved inorganics (halides, carbonates,
bicarbonates) and organic matter can act as a site for absorbance/scattering of UV radiation.
This can lead to a decrease in UV absorption by PDS for the generation of radicals or direct
photolysis of the target compound SA. Additionally, the previous investigations reported the
existence of organic matter played a crucial role in lowering the SA degradation efficiency than
the inorganic matter. The lowest efficiency in the case of tap water can be ascribed to the



presence of alkalinity, which might negatively affect the SA degradation in the UV/PDS
system.

The residual SO, concentration as determined in UV/PDS/Zn-Al@HC using ion
chromatography (IC) was 554 mg L-!, within the SO4>~ discharge limits (typically range
between 250 and 1000 mg L) 19 However, for real field scalability SO,*>~ downstream

treatment, such as ion exchange can be provided to decrease the residual sulphate concentration
after the UV/PDS/Zn-Al@HC treatment '!.
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Fig. S1. N, adsorption-desorption isotherms and BJH pore size distributions of (a — al) Zn-
Al@HC and (b —b1) HC
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Fig. S3. Kinetics of anions (a) chloride (CI"), (b) fluoride (F-), (¢) nitrate (NO3"), (d) carbonate (CO;2°), (e) phosphate (PO,*") in the photocatalytic
degradation of SA in UV/PDS/Zn-Al@HC system. (Zn-Al@HC of 10 mg L', UV fluence of 11 uW c¢cm™2, PDS 0of 0.01 M, and SA of 50 mg L™).
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Fig. S4. Salicylic acid decay in the presence of (a) chloride, (b) fluoride, (¢) nitrate, (d) carbonate, (e) phosphate (Zn-Al@HC of 10 mg L™!, UV
fluence of 11 uW cm™2, PDS of 0.01 M, and SA of 50 mg L™1).
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Fig. S5. (a) Photocatalytic performance of Zn-Al@HC in different water matrices, i.e., distilled
water, tap water, and WWTP effluent, and (b) kinetics involved in the UV/PDS/Zn-Al@HC
system (pHy of 7.0, temperature of 27 °C, Zn-Al@HC of 10 mg L™!, UV fluence of 11 pW
cm 2, PDS of 0.01 M, SA of 50 mg L™).
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Fig. S6. LC-MS spectra of the (a) before photocatalytic degradation and (b) after photocatalytic
degradation of the SA in the UV/PDS/Zn-Al@HC system



Table S1: Performance of HC-based photocatalyst in the photocatalytic degradation of
emerging contaminants

HC-based Target Experimental Degradation  Refere
Photocatalyst contaminant condition efficiency (%) nces
Osmanthus fragrans Sulfamethoxazole Ry =90 min, 98 12
HC/ Ag3PO4 (SMX) Rtemperature =25+2°C,
Ci=1mgL!,CD=0.1
gl
Bamboo HC Benzylamine Riime = 32 h, Reemperature 971 13
=27+2°C,C;=
1.9 mmol, CD =20 mg
Fe;04/BiOBr@HC  Carbamazepine Riime = 40 min, 100 14

Rtemperature = 25 + 2 OC,
Ci=10mgL !, CD=
0.6gL!

Hazel nut HC/TiO,  Methylene blue Riime = 420 min, 96.97 15
Rtemperature = 25 + 2 OC,
Ci=10mgL,CD=1

gL'
Malt bagasse Ramipril Riime = 180 min, 96 16
biomass HC/T10, Riemperature = 25 °C, Ci =
50mgL,CD=02¢g
L1
Peanut shell HC Rhodamine B Riime = 160 min, 98.55 17
/BlOBI'/Bl]leOZO Rtemperature =25+2 OC,
Ci=10mgL!,CD=
05gL!
Corn straw HC/FeAl Diethyl phthalate  Rijme = 180 min, 68.9 18
LDH Rtemperature =27 OC, Ci =
20mgL,CD=1g
Lfl
Glucose-derived Perfluorooctanoic  Rijme = 240 min, 99.5 19
HC/KI acid (PFOA) Riemperature = 25 °C, C; =
124mg L', CD=0.01
gl™
Egg albumin HC/ Ciprofloxacin Riime = 100 min, 92.23 20
FGWO4 Rtemperature =25 OC, Ci =
20mgL,CD=0.08¢g
Lfl

Note: Riime = Reaction time, Riemperaure = Reaction temperature, C; = Initial concentration of
contaminant, CD = Catalyst dose
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Table S2: Theoretical chemical structure and m/z for the intermediates identified using LC-
MS during the UV/PDS/Zn-Al@HC degradation of SA

Compound Molecular mass Mass (m/z) Chemical structure
(g mol™)
2,3-dihydroxybenzoic 154 155,154

1, 4-benzoquinone 108 107

Catechol 110 112

Maleic acid 116 118, 139

Muconic acid 142 141, 143, 165 M

Acetic acid 60.52 60, 61 \H/O\u
0

Oxalic acid 90 113 . %

Caffeic acid 180.16 135.18

Fumaric acid 116 118 N
s

Glutaconic acid 130.10 131
Oxoacetic acid 74.03 74 Hf"\ﬂ/\o
Ethane-1,1,2- 163.09 160 o o
tricarboxylic acid #)L
Ethanedioic acid 90.03 90 w)l\
Propanedioic acid 104.06 105 Hﬂwo\ﬁ
Carbonic acid 62.03 62 H/O\H/O\H
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Hydroxyacetic acid 76.05 76

o
- H
H \ﬂ/\ol

o

2-hydroxy-1,4- 124.01 122, 124

benzoquinone (j

Table S3: Operating cost and energy consumption for the SA degradation by different AOPs

AOP Time SA  conc. Degradation EE, (kWh References
period (mgL™) efficiency m)
(min)

Anodic oxidation 360 164 100% 256 21

with a BDD anode
and a graphite

cathode

UV/Fenton 150 1000 98% 2.4 x 104 2
UV/PDS and UV/ 30 30 94% and 98%  77.1 and 23
Hydrogen peroxide 57.83

Solar photoelectro- 360 165 87% 16.4 24
Fenton (SPEF) and

solar

heterogeneous

photocatalysis

(SPC)

Electro-fenton 180 50 1.71 4
Peroxicoagulation 100 50 69.5% 11.91 2
UV/PDS/Zn- 150 50 94.45+ 0.65% 0.74 Present
Al@HC investigation
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