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Abstract

Hydrogen energy is not only a solution to climate change problems caused by the use of fossil fuels, but also as an alternative
source for the industrial power generation and automotive fuel. Among hydrogen production methods, electrolysis of water
is considered to be one of the most efficient and practical methods. Compared to that of the fossil fuel production method,
the method of producing hydrogen directly from water has no emission of methane and carbon dioxide, which are regarded
as global environmental pollutants. In this paper, the alkaline water electrolysis (AWE) and polymer electrolyte membrane
water electrolysis (PEMWE), which are one of the hydrogen production methods, were discussed. Recent research trends of
hydrocarbon electrolyte membranes and the crossover phenomenon of electrolyte membranes were also described.

Keywords: Hydrogen, Water electrolysis, Alkaline water electrolysis, Polymer electrolyte membrane water electrolysis,

Crossover
LA B
AAH 02 AN o) g8 ouixe] Ak 9 Fitol Bo] of
FolA 1 Al ey, WA SAl ol o) AtskekAy, vk o] 24
TRk gEte] ol QIR AT-RES A%t B Z1FHse] BA
o] vehtaL QIvh1,2]. H w3ty 7Riste] wst A5 1k 9d

(intergovernmental panel on climate change, IPCC) |53} R.a1A]of u}

T Corresponding Author: Gyeongsang National University,
Department of Materials Engineering and Convergence Technology, Engineering
Research Institute, Jinju 52828, Republic of Korea
Tel: +82-55-772-1657 e-mail: walden@gnu.ac.kr

pISSN: 1225-0112 eISSN: 2288-4505 @ 2019 The Korean Society of Industrial and
Engineering Chemistry. All rights reserved.

389

2 2w 13313(1880~2012 )7 A+ H
ok %A 18R 5] X FR57F1 T o)
W, A% o] duit wEA 218 =AE & o,
H AP A2 7] & 2A47FR0] F%7T Hf 400 ppme Hol
231, o= AFl3} o)Al 17501278 ppm 574l BI3l 44%7} B0
 FA]olt), o] & viEo g A7bel, olakslekd F 7] 450 ppmS
o A7t 7182 Ak3} o]duY} 2 C A% 22 Ha, o2
Qlste] s A ZF o) 71% 9] HAlE 2 Jlow
AS5H AEGs|A ofrol/t23Y(asian development bank, ADB)
RuAe] w2d, 2016'd 29 71502 A AA Hi sl ol=
19933 ¥t} 74.8 mm A5 o 210091 1990 H T} 0.75~1.9 m

£ 085 C7} &3
o] e Ao nla}

O O M
Y dsd dAolul3]. ¢eluet Aol et 7120] At 10011t



390 AFA - EWGE - R - A
Table 1. Global GHG Reduction Targets
Division 2020 Reduction target 2050 Reduction target
Australia -5~-15% or -25% compared to 2000 -60% compared to 2000
New Zealand -10~-20% compared to 1990 -50% compared to 1990
Canada -20% compared to 2006 -60~-70% compared to 1990
EU -20% compared to 1990 -50% compared to 1990
Iceland -15% compared to 1990 -50~-75% compared to 1990
Norway -30% compared to 1990
Liechtenstein -20~-30% compared to 1990
Japan -25% compared to 1990 -60~-80% compared to 2005
Russia -10~-15% compared to 1990
Belarus -5~-10% compared to 1990
Monaco -20% compared to 1990
Swiss -20~-30% compared to 1990
Ukraine -20% compared to 1990 -50% compared to 1990
USA -20% compared to 2005 -83% compared to 2005
1.7 C Assiglon, ol A7 H1t9] 2ulleltk. @A} o] A7-9 71E T Fad AleE ARR ARl A7)E AAkehe CuA] |
Bt 74EEC] fFAET 21417] & AT B> 3.7 C, 1 gAY AT ARAA Ve W FAHEEA B A EY] o
Y I FEr)eE A 6 T/ g 5 ltk 53], -2 ol 7H88 3 AlA"lo|qEE AbsAkE E3ehe 25717
weke] 7o A slgd Adsel 21008704 ol ikshekaTt @A FFdos 2 oleH10-12]. Su]l 9 elelA ]
550 ppmell G A% AEHO] ATHIE F 59 em AE A, AGH  FRARAA AR AU P % AL ATk ARS
AFOE 10 em T 45! 69 om X F5F AOE ASH A AW TIE A& T2 2wl AFH Fort o) FolAw
FA sheo] At 4087 22 em ASFHAL, ol A HF oLk TRHEE 4 A AP AT ol
3uf E=2 TR OITH4]. © AR ARG AL Q7] wiEel, AR AM-E Y 7 e A
olggt 7|5 HskE W8] 918kl Table 1014 Hi= vkel o] A Agelg =1 2] ozo] B A a1 Itk FaE Akl W2 et
AR OZ LAV 5 BRE sh 7| 9Ws) uls g 2o] &3] 2F o8t FAE Alshs W, BEtH FaAz, dste
A= glom, Sl 2015 T FeF o] Fe 6t 7% Ato]Zol] oJgh oAz, B A7IE ol vk MATIAE o] &
A&7 1S Akl A5A] A77F o] FolA 1 Sitk 6 7] slo] Fas AlEshs WO TR ol8HE Vled 571 /A

SRS ST 2 BgAA], vlol ey, o]x}dA], ¥ IT, CCS,
ATAA 7o) o A= HgeluxE A7|uxz ¥
A= VRN 7 HEAA] ZE i ek i Wobs

= AR BEAA A AT WE §85 Fole 1Eds o
FHA] I AT7F WAL QITHS]. vio] eelvA= Fedel oJst
o A== 7Y f71ES Avlete] TSk B vho]QuA
£ &83to] A EE AR EA vlo] efehE, vio] e t]A, Hlo] e
2, Hpo| A, Bl Uk SO 7 BRE 53], vlo] Qoekey)
Ho] UL X8F 4] B FEARE SA A 5 s 54
o7 Q3 & npo] QoA o) Hlste] AT oA E&SHe
A 23787 Fs7d0) 7P Adie). olxFIAlE 9o A7y AE ste)
=) e] Pz vHre] A Tt 283 wel] A& wkEo
U= 71E24 3 ¥ 20 HEs LAk A6 vls)] AAldeln 13k
ARt 7]. AY IT 7= 7129] obg=2 1 71717 7811 A9 4k
Aol AR FAIT) 7Es FHEate] AARRE FAE &3l 4, Ao,
AAIE 7Fsatl she Alssh 7171 9 AIAR o2 i) FE )
AR, AFEA, G4 Ja#ste] ke A=) AvE F
7} 71F&38H8]. CCS (carbon capture and storage) 7]&- 4
Z}E AlellA BAshE COE tI7IE BlEAI7)7] Aol as®
A - 45 FEsle] bdaA Ashs 71sEM o8 ARt 9 COo,
£ ofe] 7 e 388 4 U9 mRE e R 71$Ris Olg

o
[SIR=1

Fdowd 2

Ol

3sst ® 30 H A 4 =, 2019

o} B Aksholn] S AN R 12 o S A So) 7}
A monw b AAA S4 Aol 12t BHe
S W4t el BRI Aok BAI] el et

29540] 7 who] glr,

4

L
ki
<

4
b
1o,
e
=
&
br
3
e
L
ok
oX
olo

o2
ol oL o 9 ¥

o= Az
HAFY 0 FRE] FAS Paket= W o 2
< PO R o] Eolup f71ES ESiAA
o] B AES o] &g oM At FAlo] Thsdhe

A7t 7hsett. dslsl Atol gl ost Al HE 3,300 K ©]
8] 07 THdste] Fas) AkaE A HO R dRAlE
ARtk wgo] itk B AVEER A ke S §
25 Axshs WY F 7P A el sH R ofd 7k S €]
oA AT e B AR R A5 Balshed], Z8o] £X
dotr] $Evfele] A9 a4 AAE A 2 RS Sl o
st AT7F AAEeH13,14].

o}A o]

RN =}

& Jo L
)

T

T
o
>
)

webd B FAeIAE FAs Asue) ERe) dhel stetet F
SrAee] A0S 2 i TRARNQT F78) 259 7)
ST B ARADRAY SN g olemB ;A



™

FAF AxEe] A8 7ee dajEe A A T3 391

Cathode - + Anode
H,0 OH-
Ha Y2 O,
Cathode Anode
Dlaphragm
20H = %2 O, + H,O + 2¢¢  <Anode>
2H,0 + 2¢" — H, + 20H" <Cathode>
H,O = H, + %20,
(a)
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Membrane
H,O = 2H + %2 O, + 2¢¢  <Anode>
2H* + 2¢" = H, <Cathode>

H,O = H, + %2 0,

(b)
Figure 1. Alkaline water electrolysis (a) and polymer electrolyte mem-
brane water electrolysis (b).
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Table 2. Water Electrolysis Type
Division PEMWE AWE
Electrolyte Proton exchange membrane (Nafion) Alkali solution (Membrane + 25~30 % KOH)
Catalyst Pt, Ir etc. Ni/Fe etc.
Operating temperature (C) 50~80 60~90
Working pressure (bar) 20~448 10~30
Start-up time <10s 1~5 min
Current density (A - cm?) 2~3 0.25~0.45
Stack efficiency (%, LHV) 60~68 63~71
System efficiency (%, LHV) 46~60 51~60
Energy consumption (kWh - Nm?) 5.0~6.5 5.0~59
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Figure 2. The long side chain type Nafion membrane (a) and the short
side chain type Aquivion membrane (b).
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Table 3. Representative Hydrocarbon Membrane Example
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Table 4. Various Commercial Cation Exchange Polyelectrolyte Membrane and Their Performance

Conductivity (S/cm) at

Membrane Membrane type IEC (mequiv./gr) Thickness (mm) Gel water (%) 30 C and 100% RH
0 LI,
Asahi Chemical Industry Company Ltd., Chiyoda-ku, Tokyo, Japan
K 101 Sulfonated polyarylene 1.4 0.24 24 0.0114
Asahi Glass Company Ltd., Chiyoda-ku, Tokyo, Japan
CMV Sulfonated polyarylene 2.4 0.15 25 0.0051
DMV Sulfonated polyarylene - 0.15 - 0.0071
Flemion Perflourinated - 0.15 - -
Ionac Chemical Company, Sybron Corporation, USA
MC 3470 - 1.5 0.6 35 0.0075
MC 3142 - 1.1 0.8 - 0.0114
Ionics Inc., Watertown, MA 02172, USA
61AZL386 - 2.3 0.5 46 0.0081
61AZL389 - 2.6 1.2 48 -
61CZL386 - 2.7 0.6 40 0.0067
DuPont Company, Wilmington, DE 19898, USA
N 117 Perflourinated 0.9 0.2 16 0.0133
N 901 Perflourinated 1.1 0.4 5 0.01053
Pall RAI Inc., Hauppauge, NY 11788, USA
R-1010 Perflourinated 1.2 0.1 20 0.0333
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Figure 4. Distribution of hydrogen stations worldwide.
Hydrophobic Hydrophilic

OO OO O

Figure 5. Example of multi-bock polymer chemistry.
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