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S1. Resin wafer, wafer reactor, and experimental systemd for H,O: electrosynthesis

Fig. S1. Front and side views of a resin wafer (2 cm x 2 cm x 0.2 cm)
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S2. Photos of the 4 cm? and 25 cm? resin wafer reactors
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Fig. S4. Nyquist plots of resin wafers fabricated with varying mixing ratios of resin

microspheres, pore forming agent, and binder (a) 5 (g£):9 (g):1 mL, (b) 7 (g):7 (g):1 mL, and (c)

9 (2):5 (g):1 mL.
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S2. Effects of packing density of resin microspheres on H,O: electrosynthesis
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Fig. S5. Effects of packing density of resin microsphere on (a) H202 concentrations and FEs
of H202 production, (b) cell voltages and electric energy consumption of H202 production, and
(c) pressure drop during H202 electrosynthesis with the microsphere-backed reactor (4 cm?

electrode) in the continuous flow mode.
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Fig. S6. Nyquist plots of resin microsphere-packed beds of varying packing densities.
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S3. Stability of AEM during H20: electrosynthesis

Fig. S7 shows the photos of AEM used in the microsphere-packed reactor before and after
the stability experiments (see Fig. 2d for more detail). The original AEM was a thin, smooth
film. However, numerous pits are observed on the surface of used AEM. Because of the high
water pressures inside the microsphere-packed reactor, the three chambers of the reactor had
to be firmly bolted together to prevent water leakage during operation. As a result, the resin
microsphere-packed bed was tightly pressed against the AEM under high pressures 2. This
can cause significant mechanical damage to the AEM, as evidenced by the numerous pressure-
induced pits on the surface of used AEM (see Fig. S7d). Moreover, HO2 can attack the
quaternary ammonium group of AEMs, thus causing chemical degradation of AEMs 2.
Consequently, AEMs will be gradually decomposed during H2O2 electrosynthesis, posing a

critical barrier to the long-term stability of microsphere-packed reactor !>,
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Fig. S7. Photos of AEMs (a, b) before and (c, d) after used for H202 electrosynthesis in the
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S4. Effects of current density on H>O; electrosynthesis

Fig. S8 shows the effects of applied current density on H202 electrosynthesis with the resin

microsphere-packed reactor and resin wafer reactor in the continuous flow mode. During the

experiments, the applied current densities were stepwise increased every 15 min.

Corresponding to the increases of current densities, the concentrations of produced H202

solutions increased monotonically (Fig. S8a). FEs of H2O2 production remained generally >80%

for the microsphere-packed reactor and >90% for the wafer reactor within the test current

density range. On the other hand, cell voltages increased with increasing current densities (Fig.

S8b). As a result, the electric energy consumption of H202 production increased with increasing

current densities. Notably, the pressure drops across the microsphere-packed reactor increased

substantially during the experiments, although the water flow rate was kept constantly at 1.58

mL/min. These increases can be mainly attributed to the generation and accumulation of

oxygen gas bubbles in the microsphere-packed reactor due to the small porosity of resin

microsphere-packed bed (see the discussion of Fig. 4c in the main text). In contrast, gas bubbles

can be quickly removed from the wafer reactor because of the higher porosity of resin wafer.

Therefore, the pressure drops across the wafer reactor changed insignificantly during the

experiments.
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Fig. S8. Effects of current density on (a) H202 concentrations and FEs of H202 production, (b)

cell voltages and electric energy consumption of H2O2 production, and (c) pressure drop during

H20:> electrosynthesis with the microsphere-backed reactor and PSE wafer reactor (4 cm?
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electrode) in the continuous flow mode.
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Fig. S9. Effects of current density on (a) H20O2 concentrations and FEs of H2O2 production, (b)
cell voltages and electric energy consumption of H2O2 production, and (c) pressure drop during
H>O: electrosynthesis with the microsphere-backed reactor and PSE wafer reactor (25 cm?

electrode) in the continuous flow mode.
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SS. FEs and electric energy consumption during H>O: electrosynthesis in the recirculating
mode

The FEs and electric energy consumption during H202 electrosynthesis with the resin
wafer reactor in the recirculating operation are calculated and compared to the results reported
for conventional electrochemical reactor using aqueous electrolytes and resin microsphere-
packed reactors in recent literature (see Table S1).

Table S1. Comparison of electrochemical reactors for H2O2 electrosynthesis.

J Cell voltage H;O,conc.  FE EC
Electrolyte (mA/em?) V) WL%) (%) (kWhkgH,0,) R
0.1 M Na,SO4 100 2.75 1.00 78.8 5.50 4
0.5 M Na,SO4 200 2.75 0.93 62.5 6.93 5
IM NaxSO,4 300 2.57 4.60 84 4.82 6
1 M Na,SO4 50 2.21 1.20 75.6 4.61 !
100 2.53 2.13 67.1 5.95
150 3.14 2.87 60.2 8.23
200 3.68 341 53.8 10.79
IM NaCl 100 4.78 1.00 70 10.76 8
IM NaCl 1000 6.40 - 75.6 13.34 ’
IM KOH 100 4.20 1.52 96 6.90 10
150 4.90 2.05 75 10.30
200 - 2.66 60 -
IM KOH 200 - 2.80 65 - 1
Resin microsphere-packed 68 4.00 2.70 96 6.57 12
bed (2 cm x 2 cm)
Resin microsphere-packed 100 2.77 0.40 80 5.46 13
bed (5 cm x 5 cm)
Resin microsphere-packed 100 2.30 2 70 5.17 14
bed (2 cm x 2 cm)
Resin microsphere-packed 100 5.00 2.0 80 9.46 15
bed (2 cm x 2 cm) 100 4.80 4.0 75 11.14
100 5.00 10.0 70 11.26
100 5.50 12.0 65 13.33
Resin microsphere-packed 100 4.56 9.25 71.7 9.23 This
bed (5 cm x 5 cm) work
Resin wafer (5 cm X 5 cm) 100 3.57 10.97 923 6.10 This
work
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S6. Pumping energy consumption during H>O: electrosynthesis
Pumping energy consumption of H202 production (kWh/kg H203) is calculated based on

the pressure drops across the reactor and concentrations of H2O2 product using Eq. S1.

AP
Epump = 3¢ (S1)

where Epunp 1s the pumping energy consumption of H2O2 production (kWh/kg H202), AP is
the pressure drop across the reactor (kPa), and c is the H2O2 concentration (mg/L).

During H20: electrosynthesis in the continuous flow mode, the concentrations of H202
effluent decrease, while the pressure drops across the reactor increase with increasing flow
rates (see Fig. 2c and Fig. 3c). Therefore, the pumping energy consumption increased
significantly with flow rates (Fig. S10 and Fig. S11). This finding suggests that it would be
more economical to operate the PSE reactor at relatively low flow rates during H20:
electrosynthesis. However, low flow rates are not beneficial to quickly transport the produced
H202 away from the cathode surface, which may aggravate H202 reduction to H20. This
parasite reaction will decrease FEs, and thus increases the electric energy consumption of H2O2
production. Therefore, in practical operations, the flow rates should be systematically
optimized to minimize the overall energy consumption. In fact, the results shown herein
indicate that compared with the electric energy consumption (~4 kWh/kg H20:, see Fig. 2b),
the pumping energy consumption is almost negligible (0.01-0.1 kWh/kg H202). Therefore,
more attention should possibly be paid to maintaining high FEs and thus minimizing the
electric energy consumption of H202 production when optimizing the flow rates during H202

electrosynthesis.
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Fig. S10. Pumping energy consumption as a function of water flow rates during H202

electrosynthesis with the microsphere-backed reactor and PSE wafer reactor (4 cm? electrode)

in the continuous flow mode.
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Fig. S11. Pumping energy consumption as a function of water flow rates during H202

electrosynthesis with the microsphere-backed reactor and PSE wafer reactor (25 cm? electrode)

in the continuous flow mode.
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