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Table 1 Technical parameters and operating conditions of laminar-flow membraneless electrolyzers

R TR

B (mA/em’) e

B (o) AR I (C) (T AL AR ik
YA 0.123 0.5 M H,SO, HiR 15003 V) >96% [26]
Y4B 0.15 0.5 M H,SO,; | M NaOH =] 83.81(2.5V) >96% [24]
YA 0.15 0.5 M H,S0,; 1 M NaOH et 88.45~118.75(2.5 V) - (2]
YIRS 0.15 1 M KOH et 263.73(2.5 V) - [27]
YRS 0.4 1 M H,S0, 60 10(1.8 V) - [28]
Y4B 0.5 Sea water il 87.166(5 V) - [29]
YIA B 0.8 30% KOH; glycerol i 1484(4 V) - (30]
Y4 1 0.5 M/I M H,SO,; 20% NaCl i 593~706(3.25 V) >99% [23]
YA 5,10, 15 0.1 M KHCO, i 5(3.8~4.5V) - (22]
TIE B 0.105 1 M H,S0, 25 300(2.6 V) >96% [31]
T4 0.7 0.5 M H,SO,; 1 M KOH 25 250(2.53 V) - [32]
B 5 B 2,4 0.5 M H,S0,; 30% KOH il 600(3 V) >99.5% [21]
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Figure 1 (Color online) Diagrams and corresponding physical images of three types of laminar flow membraneless electrolyzers. (a) Y-shaped

structure [23]; (b) T-shaped structure [31]; (c) Separator structure [21].
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Figure 2 (Color online) Schematic diagram of through-flow membraneless electrolyzer. (a) Counter-current mode; (b) co-current mode; (c) flotation

mode.
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Table 2 Technical parameters and operating conditions of the through-flow membraneless electrolyzers

B (mA/em’)

FH HAR I BE (mm) BEN 5 IR (C) (TR AR SCHR
MO D) 1.1 30% KOH Hif 400(3.5 V) - [38]
MY EV A ) 2.5 30% KOH 70 11982 V) - [36]
MO ) 2.5 30% KOH 60 1910(2.5 V) 99.81% [37]
RO ) 2.5 30% KOH 70 474.4(2 V) 99.83% [39]
M EROR D) 2.5 30% KOH 80 4742 V) 99% [40]
MO ) 3~4 20% KOH 7~125 30(1.55 V) 99.98% [41]
MR ) 5 1 M Na,SO, =i 5~100 - [42]
RO A 6 1 M NaOH; #7g Hif 45(3.5V) - [43]
IR A 3/5/10 6 M KOH 80 10(1.31 V) >99.99% [44]
TR AR 1 KNO;, Na,SO,(pH=7) =E 62.5 - [46]
R 2 0.5 M H,SO, =g 50(2.7 V) - [47]
) 2 (AR 10 0.5 M H,S0, =i 100(2.5 V) 97.2% [45]
MR X (BR 15 0.5 M NaCl =i 100(2.61 V) 99.38% [35]

FER 1 0.5 M H,S0, Eil 150(2.6 V) 99% [48]
IS 1 1 M NaOH =i 50(2.58 V) 92% [50]
R - 1 M KOH iR 3.37(1.58 V) 93.2% [49]
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Table 3 Inorganic mediator materials for stepwise water electrolysis

IRM HLA AEEE (mAhg)  EIREE (Ag) R AR SCHR
CuO-Cu(OH),/Cu,0 1 M NaOH - 8.3 95% [56]
Ni-Mn-P 1 M KOH - - - [57]
MoO;, 10 M H,PO, 204 10 94%-~99% [58]
Ko.1VOyo[Fe(CN)g]o.5-4.8H,0 6 M H,S0, 128 10 98% [59]
Co-Ni(OH),@NF 1 M KOH - - 100% [66]
Ag/Co-Ni(OH),@NF 1 M KOH - - 100% [67]
NiOOH/Ni(OH), 1 M KOH 210 0.2 100% [70]
NiCo-LDH/ACC 1 M KOH - - 100% [71]
C0ySy/NisS, 1 M KOH - 0.2 100% [72]
CuFe-TBA 0.5 M H,S0, 80 1 100% [73]
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Table 4 Organic mediator materials for stepwise water electrolysisa)

ORM FALf7E HEHE (mAh/g) I (Alg) PR SCHER
PTPA 0.5 M H,SO, 77 0.2 100% [79]
HATN 0.5 M H,S0, 290 0.5 100% [80]
PTO 0.5 M H,S0, 156 1 100% [81]
PANI 0.5 M H,S0, 125 02 100% [82]
AQDS 1 M H,80, 45 1 62.6% [83]
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Abstract: Hydrogen is recognized as a pollution-free, high-energy secondary energy carrier and an essential raw
material for the chemical industry. Against the backdrop of carbon peak and carbon neutrality goals, the production of
green hydrogen through water electrolysis has become a crucial component of clean energy development. While
hydrogen production via electrolysis has been commercially applied, current technologies face challenges such as low
energy conversion efficiency, high equipment manufacturing and operational costs, which limit their large-scale
deployment. As an innovative approach in electrolysis technology, membraneless electrolysis introduces a completely
new working principle and employs modes of operation distinct from traditional electrolyzers. In recent years, it has
garnered widespread attention in academia. This article systematically reviews and analyzes two types of membraneless
electrolysis technologies—flow-through and stepwise—discussing their principles, technologies, and prospects for
application.
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doi: 10.1360/SSC-2024-0247

443


https://doi.org/10.1360/SSC-2024-0247

	无膜电解水制氢技术研究进展
	引言�  引言�
	流动式无膜电解槽� 电解槽�
	层流式无膜电解槽� 无膜电解槽�
	通流式无膜电解槽� 无膜电解槽�
	操作条件对气体纯度和电解效率的影响� 效率的影响�
	温度� .1�� 温度�
	流速� .2�� 流速�
	电极间距与尺寸� 电极间距与尺寸�
	电流密度� �� 电流密度�


	分步法电解制氢技术� 氢技术�
	无机媒介材料� 机媒介材料�
	有机媒介材料� 机媒介材料�
	其他分步电解� 他分步电解�

	总结与展望� 与展望�


