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Abstract

Anion exchange membrane electrolysis is considered a promising next-generation hydrogen
production technology that can produce low-cost, clean hydrogen. However, anion exchange
membrane electrolysis technology is in its early stages of development and requires intensive research
on electrodes, which are a key component of the catalyst-system interface. In this study, we optimized
the pressure conditions of the hot-pressing process to manufacture cobalt oxide electrodes for the
development of a high uniformity and high adhesion electrode production process for the oxygen
evolution reaction. As the pressure increased, the reduction of pores within the electrode and increased
densification of catalytic particles led to the formation of a uniform electrode surface. The cobalt
oxide electrode optimized for pressure conditions exhibited improved catalytic activity and durability.
The optimized electrode was used as the anode in an AEMWE single cell, exhibiting a current density
of 1.53 A cm™ at a cell voltage of 1.85 V. In a durability test conducted for 100 h at a constant current
density of 500 mA cm™, it demonstrated excellent durability with a low degradation rate of 15.9 mV kh
' maintaining 99% of its initial performance.

Keywords : Hydrogen production, Anion exchange membrane water electrolysis, Oxygen evolution reaction, Cobalt
Oxide, Highly uniform electrode.
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(CO, Hi&o] glo] BE&ZHQ A %Y oYy
Ado s ZhHnt. 2, 3] 28U, FREA A Al
Al G4 L] R FAARI o] f-E 3HA
A= o] 714 7H&(gas reforming)e &3 LoIAl
a1 3lo], [4] =AE AEAQ] AEEH oy
o7 Aikstr] 3 & A7|E6 B A &
FES ¥ ok & A8, & 45, (water
electrolysis)y= & (H,0)= #7] Edljolo] &3t
Fa (HY)E Aot 4oz, & B oA
o|4ls} BtA HiEglo] X¥EH o R 99.999% ol
9] I&T AE i BAT 4= Q= Aol AA

WS Sk B B8 D B ALY §AHS
}

(o]
H-& 52 A8 Eok] A& A AY=S 9
5f s 2 sflofsk= A= Hot it [5]

79 782 ot 4](1-3)7} o], = 7H9] §t
2 dh391 =4 ¥4 ¥k (hydrogen evolution
reaction, HER)¥} AtA A WS (oxygen
evolution reaction, OER)2.& FAHTt =
(cathode)ollA+= &4 ¥H-gof Qs =47} T4
stal, &= (anode)oll A= AFg} whgof QJ5f At
A7} iAot o]2X 0 & 1.23 Vi (vs RHE,
Reversible hydrogen electrode)?] 20| &
T

Alkaline 3504,
Anode : 40H — O, + 2H,0 + 4e (1)
Cathode : 4H,0 + 4e” — 2H, + 40H" )

Total : H,O—H, +1/20,, E°=1.23 V (3)

SEARE, AAl AlAFOAE o WRE AT &
A2 QI & A7|EE e 71 AAE@HAS,
overpotential)o] 223514, [6] £3] OFER w5l
A FAHE Sto] 7MY & HS S AA[stER
A o] itk A= == OERY] Y=
S37] 91t dAto] ol HASEo] ok A A=
4 (Ir, Ru, Pt &) AGS] 97} 4b4 & a4 A8
Hh-gollA &/do] 7MY St SR H e X4t
(7, 8] Aas S =2 714 4 3|40 = Qls|
AHISEE 913 A& SHoA gHAlO| AWk
wEba], A-8AQ FHE oAM= AFstHA=
18 W WG] EAE 7= HlHAES S
o] 7iido] R4

F| o] AFH S0l W A5 (Anion
exchange membrane water electrolysis,
AEMWE) Al&®2 7]&9] &zl 43

(Alkaline water electrolysis, AWE)?} &Fo]< w3t
ok =248} (Proton exchange membrane water
electrolysis, PEMWE) & A|AH|Q] AH-S At
AAIH e AlAFIC R, ATl S04 s
o] 7ksst71ol A7k vlAaS AlE S AR
3T 9 F A ALY AHE ZE5o] A
AL EHE AT 5= A= FYT EFHC=
FEREL gl 9, 10] ofoll AEMWE AlAF oA
710l 7ol gt =89 53 A A-T v
AaS Al EHf 7ido] YF5H o= A+EIL Q)
om, Hol]g< (Ni, Co, Fe, Cu &) 429 33t=
(ArehE, F4ekE, dils, Qg I3k 5)°l %
£ v 52 BEofFal Sk [11-14] &3] &
HE 7|9k ARHE2 P Anjd ERE QIS &
o &gt t4do] <=3t OFR 2 ZH=Ert.
[15, 16] SHAIgL, o] gt E4of tigt thFE2] A+
= S &9 ST a4 ©ele] S4BT =
StE]o] JAAY vl (Half-cell)oll $40] %A
Utk et A SRR A #HY B
444 4 S g9 EA= AA AA"e] Hs
2 Y7 FAE olojABE, Sulj-AlA" AA7
S gt A= 9919 A+ o] ]S

2 AFoAs 188 AEMWE A|AFS 93t
I 172 A= g 6l stz (Hot-
pressing) ¥ o]&sto] IHUE AShE AbA &
A ATFEZ AZXsHAH 715 {0l ARRE S5
= BT T 2= AHS A0 7ot 4bg=

o x4, Egsfshy 9 A7)
stal AR A A”0] &850
AEMWE @Al o] 52 H71okiT.

AEMWE ©@9Adof| Z-8-517] 913t ZHE Ad=
(Co;0y, ©J3} CO) A= AR (precipitation)
< B9 ILE 48 (Co(OH),) & 4
stal, StEYAJS B9 CO A4S A xRt F

A T8 A2 A
2.1 Co(OH), Z0i2| X|=
Co(OH)& 0.1 M Co(NOy), - 6H,08 F7F+

(Mili-Q, Merck)oll €3slA1Z] & Syringe pump
£ %9 Ammonia solution (NH,OH)< 50
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ml min™9 YA &7 FYstHA &3 &
HO| pHE 9.52 24sto] sttt T4
Co(OH),9] *AZIE 98 4A17F &<t wytst
1, E¢E AAE Yo SFFE oldsto] dAl
=& 335l 33 Al-sile AlE o] -80 T
oA 72A7HE3t B2 7Ax5o] Co(OH), HE&
LA Dol Co(OH), £E2 EHE ] HA
(Thinky mixer, ARV-310LED)E AR&-5to] 5
F4 9 1 EBA 8kl polytetrafluoroethylene
(PTFE, 60 wt% dispersion in H,0)1 &£%35
ol CO/NF A= A=xE ¢ Co(OH), €99
£ Azt v E {3 CO Fi= oA
Co(OH), %2 400 T &7] S°lA 4417
b @A Z(Annealing)stol CO SMiE S5k,
Co(OH),%} 53t oz COo &88E A=
ST

]I,?l‘,

2.2 Co,0,/NF T3] H|I=

CO/NF A=2 AzxH &85 E g dApHe
E Pl EF floll #dstA 28 ste] 7| ofl A5
o F stz 342 53 Co(OH),E Atal @A
2] 9 o|g HAfsto] A x5t 7|8 v Y
A 7191 YAE(Ni foam, NF)& AR8sl3oH,
St 378049l ko Al7HE 242 200C Y
3002 A sk, dES 3 HE Aot
70, 100 ¥ 130 kgf cm™9] ZtZt o}2 240 2 S
nYAPAE A=L AXSHAT Co(OH),E &3l Al
25 A2 48 AR CO/NF_OH, (x = 70,
100, 130)°.2 H9ystal, COE Bd Alzd H=
£ CO/NF_0,5,2.2 gkt
2.3 M= EM 2N U AEMWE Tl M5 It

ot oE 27207 Ax" CO/NF A=59] 3
AFe FAMAAA U] (Field-Emission Scanning
Electron Microscope, FE-SEM, JSM-7900F,
JEOL) o]-&3dtof &lsty, 44 +2+= X-
A 38T (X-ray diffractometer, XRD, D/
MAX 2500, Rigaku)Z &l 245t A= &
H i3] FHE 7139 B4 F2AUE
(Mercury Intrusion Porosimetry, Autopore V
9620, Micromeritics)& A8t E45t1, A
= 39 H=7Z (Contact angle) F&7F =4

7] (Contact Angle, Phoenix, Surface Electro

Optics)E &l Sttt AxH A= OER
of gt M”15kt B 3-AT vEAS 4
st potentiostat (VMP-3; BioLogic Science
Instruments)< A&kl EA5H3IT /49 3 A
= RERAL 7)E A522 Hg/HgO (IM KOH)
A A=9 =2 Graphite rodE AF&3A
MEE A=SS Ay A=22 ARESIGH &
3 A= ALl HRE (V)2 71 4 A=
(Reversible hydrogen electrode, RHE)®l| th3
HESI T A= €4 BVt &8 AY-AF
H(Cyclic Voltammetry, CV)a} A& FAF AU~
A& H(Linear Sweep Voltammetry, LSV)E &
3 1.2 VoA 1.8 V S A= SFstaL, 1M
KOH #3jdofA 1 mV s'FASER iR EAGl0]
S5k

HEE A=) AEMWE Al AH 28 9 s 7}
£ 93} anode, cathode, 2°0]& w &}t (AEM)
4 7|AgiSo 2 /dE AEMWE ©AdlS A2
5199t} CO/NF_OH,3, =& anodeol #-&5taL
cathode o+ 48 Pt/C (loading mass = 1 mgp,
cm A5 ARgotth A ZE AEMWE ©HAlo] g
7tz 1.4 914 2.0 Vo A "flollA 24 E 50 €
2x9] 0.2 M KOH Asf&2 °]&st LSVE =
Zgsto] =519, 500 mA cm 2] FHFUE]
A A7 QIR (chronopotentiometry)S -3
100A17t &<t @94l o] W12 B71shint.

Rl [ulo

3.Zn Y n

Fig. 1 2 Co(OH),2} COE &3 AlxH CO
NF A=9] #44S SEMS 53 &3t 4
oty AzxH AIFEL 5T HH HF Z
o] oF 10-20 nmQl Y=YJAEE F3stHeH,
Co(OH),Z 53] Alxd" A= EH(Fig. la-c)
o] COE &dll Alxd A=< EH(Fig. 1d)°l H]
o 214 o] Ay g HA TAYs Aoz
HEHEY. A3 AR T WAl HHO 4
S AR AdE ¢ Suj-d= 7he] A9
o] Jlom, Aol AdEo] 3E Y
gt HES FAoto] H71515 vhgollA SHie] &
£ WAt 3 WS verdnh o F
Z9] Hslo| w2 A= Ao Hole 4o
3717} 70 kgf em™ 914 100 & 130 kgf cm™
o2 ALASLE FFo] JA Yst= AS g2l
4= 912, 130 kg em™” 4 o2 A|RH CO/
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Fig. 1. Low and high magnification SEM images of CO/NF electrodes fabricated under different hot-pressing pressure
conditions. (a) CO/NF_OH,,, (b) CO/NF_OHq,, () CO/NF_OH, s, (d) CO/NF_O,5.

NF OH13001 7V Fde A2 1AL FAshe

:a}g oeomﬂ QA SEM EOF&H d—qz}
O] T (cross section) ¥ 9 {7} (contact
angle) 3& 493}, o|& Fig. 2°] UEY
AUt Co(OH),E &3l AxH A= Aol &
71eE S FY FAVE AL (Fig. 2a-
o), ¥4go] T71E+E &4 A7+ F7t6t
< A2 ¢ 5 A (Fig. 2e-g). ¥l 71
—’FE =l -4 FAZ ARH o r Fast= A

& ¥ 37kl W U o AL AL

ol teore, o1e1e e
2 olg) =3sHA TET 5 Q=g ¢
5 A 7150l et A5 A
Aelo] HEzo] b A2 89
CO/NF_OH, 3 CO/NF_O,,,0 24 Zuj3

o] FA= 77t 248.2 ¥ 233.8 pmZ Y%t
oA HA=o] AREUINE EFotl TS
o] FAL} HE 7—}«] 1}017} 2= ATt CO/NF_

OH;37t 8 F2 S5 5 =2 J5242 H3
o o] EHEPE ZALeHE o] FHTE ALSHE ALE)
Bt o et A4 (surface hydrophilicity)
7FA7] 2ol A& EVQO] 27}0}04 ‘3 A5t

oM 2

o R
= &9 715 271 % —E‘réE % EE?_} %‘_ﬂro]t‘r.
= C

Co(OH), & &l Al=H O/NF OH, (x = 70,
100, 130)2 & Hat A70o] 9 0-25 nm<l 7]
o] P, RH4A, CO% B8 Azd AFL

B F7o] o 25-50 nml 7150] F2 A
Ach(Fig. 3a). ©] Aol COE &° AxH A=
dFolle 71E B4 G018 H,09 S
Hto] Fo3ARE, Co(OH),E &3 Al2d A=

19

Fig 2. SEM (cross section) and contact angles images of CO/NF electrodes fabricated under different hot-pressing
pressure conditions. (a, €) CO/NF_OH;,, (b, f) CO/NF_OH,q,, (¢, g) CO/NF_OH,3,, and (d, h) CO/NF_O;z,.
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Fig 3. (a) Mercury intrusion porosimetry analysis of fabricated electrodes for different hot-pressing pressure conditions,
(b) Average pore diameter and total pore area, and (c) XRD patterns of CO/NF_OH, (x = 70, 100, 130), and CO/NF_O 3.
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050,29 34 fEHZ HojFlon,
Ni 7]%9] 314 sfjiglo] #2EJAT Co(OH),
o] 314 el W= A kot BF AE S
< & 4 ot (Fig. 30). 4ol #ARlel g4 2z
L7t DASH FAIEIleH, o= ¥Eo] Sty

o
T,

>,
ol
o
O il ox
)

A ol FAE Coy04 YA Ao F3FES 1]
A A B2 YeERATE CO/NF_0,5,2 A%, 2
0 ~ 44° @ 520014 7|®9] E=3 Ni F& 24
Ho| #2ZE Y=, ol COE B Axd A=
o4 Co(OH),E &3l AlxH HA=HT RHo| &
Lo w2 FFo] FAd= o] Ni 7]Ho] =&d

A2 Z]l=r

CO/NF_OH, (x = 70, 100, 130) @ CO/NF_
01508 A718std E4S &lsty] s 3 A
= HrEAS FAd5to] HrbstAtt (Fig. 4). A=
o] @42 Fig. 4a° SHH LSVE &3l #2435t
Ak LSV ZA19] 1.45-1,5 Vo] HYoA ™z
H 13 IYEQ Ao A AT o]

o [18] ZHEQ] 45§ o] Ta5H & A4
Ay Bhgo] AREHA AFEETF Skl A
A 4= 9ot ARIE 50 mA ecm oA &3
H AL ZE HAIA 2F 380 mVE FAF
gt 7] S &44& HAFAE, 7 AR S
7Vd5 CO/NF_OH;37t 78 &2 84S &2
ol A& & & A T3 Co(OH),E &3l Ax
H CO/NF_OH ;02 COE &l A1=E CO/NF_
O3t $-38 442 Hol=1], o]= Co(OH),
oA AzxH =9 b3 22 Qs 244
Ao FHaste] Y YA sl T
=S AT 5 AUt Fig. 4b, c= BE 7]
27| (Tafel slope)?t A 7]0]5% capacitance
(Double layer capacitance, Cd)e] 4 Zx}
£ Uedoh 88 7&7]= 712717 RE5S
2 A4 A HH £ 8 u|sty, A7]olF
capacitance’} ¥ A7|5}5H4 &4 EHE
At= A Uetdith. CO/NF_OH ;02 &
A= FolA 73 B2 B 72719 & A7)
ot &4 #HAS 7HA= A2 E ERIFS]
. Fig. 4a9] Axe} vix7IA| &2, Aol F7
of wet 7wyt S Ato]e] I FH2o| P
H1 S DTt ST EHN Aot AY A=
(electron pathway)7} ©=E0] 7|3 9] Zujjo
7Vl Al = Aol Hastal &/ddo] F7tste] ¢
T3 A5 Hole AL R waHH [19]. CO/
NF_HO,30= CO/NF_O,;, 2t} © @2 et 7]
2719 5 & A7|eket SR HEAS 7HA =T,
o] Co(OH), 718te. g2 A ZH CO/NF_HO,;,
o] FUE Zuff YA Alo| 27} ¥ a1, ZuljS:
o] A|dsto] yehd Aol 7P 43t S
/9 29l CO/NF_OH 5859 7|+ &
A& APt A3E 200 mA cm 9] AFUE A
1.9 V& A5k 10047+6<t 1 mV kh''9] &
< A3k&9] 948t WS vErilH (Fig. 4d).

ok i o, o
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Fig. 4. OER performance in half-cell. (a) Polarization curves, (b) Tafel plots, (c) double layer capacitance, and (d)
Durability test at 200 mA cm™ for 100 h for CO/NF_OH, (x=70, 100, 130), and CO/NF_O .

CO/NE_OH, 5, B2 AEMWE A] A€o dga}7
s H7F5H7] Yall anode, cathode, 202 1L
2} (PiperION, A20) 9 7|A|gH4ES (PTL &
J5 AEMWE @S A 25ttt AEMWE &9
A2 CO/NF_OH,3;= anodeZ AR&-3}1, cathode
o= AF& Pt/C (loading mass = 1 mgpt cm )&

AREFATE AAE AL 1.4-2.0 Veell A
Aol 1A= 50C %29 0.2 M KOH A&
ARESEe] LSV &4 B9 A5 H7Isktt (Fig.
5a). CO/NF_OH, ;= anodeZ A&t AEMWE T
QAL 1.85 VeellolA 1.53 A em™9] ARLES
YeERH, 2 Veell9] 4L JGoAE 3 A em ™

H
o §
o
=

Fig. 5. Performance of AEMWE single cell with an anode of CO/NF_OH,;, and Pt/C cathode
electrode. (a) The polarization curve in 0.2 M KOH at 50°C. (b) Durability test at 0.5 A cm™ for 100

hin 0.2 M KOH at 50°C.
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Lot 43t A S Bt} ol o
Sk g 2794 &3k CO/NF_OH, 505 84
O & AEMWE A|Adlo] A-83 4= 9152 SRl &=
AUtk CO/NF_OH 352 ARERF TS| Wi+4d ¥
7he B4 Al 2 2 A4 500 mA cm™
9] AT AFIDofA A HsHE S7shH &l
Sttt (Fig. 4b). W43 B7k= 1004175t 23
Elom AL 5 & 100A17k0] AHet &, 27]
‘3% ™iH] 0.016 Veell®] 452 YEHIH o1& &
3 I3 15.9 mV kh'& A=, 100417+
A T Fol= 27] 459 99.0%E FAIok= ¢+
9 YAde veRi olgst 23k= CO/NF_
OH,;3, A=0] AEMWE A|AHo)A] QA 0 & ALG
2 5 S HojErt

4.3 B

£ ATolAE TS WS Ju]
AbZ S AT L) 915 A e
4 2R B9 TLE 45T A2L A2
A3 AZE 9% S0 B2 @ o] A9 g
o 4 A3 EHL WIS Co(OH),E 5
s A28 A3L COZ B9 Alxw AFuc g
e dRTs), L F05 UE, 4 15T
22 18] Ero] #UT HWES FHSHE A2
FAstTt. Gelo] FAAHE 20 U4 U
-7k A Usts B9 ZAT AT HH A
of gelstgon, oz Qs =3kl CO/NF_

OH,;, A=o] 7P 43 &4 Y4482 U

ERfitt. CO/NF_OH,;, A=< anode& ARESH

AEMWE @92 1.85 VeellolA 1.53 A cm™

o] AFLUEol| =E5t9L, 500 mA cm 9] ZA

FEZA 100417t 549 A&+ W+

B7toA 15.9 mV kh™'9] @& d5-S vERY
ST W8S B
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