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Abstract

Hydrogen production via water splitting method in industry is currently develop using
anion exchange membrane (AEM) and proton exchange membrane system (PEM).
Compared to AEM, PEM system has disadvantage like it must use the precious metal
powder catalyst like RuO>, Pt because it performs in an acidic environment. The Anion
Exchange membrane (AEM) system can use abundant metal instead of precious metal
as a catalyst material, which make the catalyst price cheaper and has a wide
development direction.

To increase the rate of hydrogen production, the current density that applied to the AEM
system must be increased. However, a large number of bubbles will be generated at high
currents, and it will cause the peeling problem to the powder catalyst (fall off) during
this process. Therefore, a catalyst with high adhesion is required to achieve the long-
term operation goal and the mass production for industry use like roll-to-roll method to
reducing manufacturing costs, fast and continuous catalyst production.

In our previous work, we developed a set of liquid-phase redox deposition methods,
which can quickly and easily deposit an uniform amorphous cobalt manganese oxide
hydroxide (CMOH) film that can evenly cover any substrate, and has a good oxygen
evolution reaction (OER) electrocatalytic activity and adhesion. Applying the
advantages of CMOH to a high-current AEM system, it can operate stably for 3 hours
under the condition of 1 A current, and the system can reach up to 5 A (can stable up to
80 min). The CMOH was produced in large quantities through roll-to-roll
manufacturing, and 5 meters of CMOH was obtained, undergo surface observation, and
electrochemical testing. It was found that the surface structure and electrochemical

performance of the catalyst selected at different positions in the same mass production



was the same. It proves that CMOH is successfully produced in large quantities and has
a very high yield.
Keywords: AEM water splitting system, high current, coiled production, large-scale,

stability, electrolysis of water, multi-metal catalyst
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(Proton Exchange Membrane, PEM)'®2 « & |+ 3 -k % st (Alkaline Water
Electrolyzer, AWE)?*?* ~ & fk ¥ * 7 f%-k % % (Solid Oxide Electrolyzer Cell,
SOEC)?>? frl4 42+ % # "k T % % % (Anion Exchange Membrane, AEM)?30 -
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1.2.5 & Wi A foge T i R
B OER i ks @ & 4 % i i Al fok s #5873 el ko 2
L SRR U B Rl SR SRR P R R

Ed ovE g et SV S TR A

-

FP ot e 4 B B8 0 & OER
FREALE T Fie AL o FIORT R > BB R A AF A D NI ok
LIt B e F 4 o e gr g F]pb R b LI R eniplit R 0 F) L AR F R € MR SF R R
FoR PR et fiis g o ¥ ob o ARFA L B A0 B mH RS 5 R Ak
OER it f£ 12T & 4 44 B2 fET I % > §Fbf (b & - §F L pt > FPALF A
oS BB R E Y L R0 Yo a3 B HOBELE G ARE §
GBI AR B TG G S A KRR AR o AR R R A T
AR @iz p A 53 Snmp 5 - 30T AR Z E g .
AOE R R R A e A Uil o T G RERCH R Y ARF N

TR G E A o e A B A G FAR S TR AL By

’

IR o BT AT A GAF e MR B i Al & OER
FRiAeY L (Rt 0o R Bt B L LG R R B
R AR O R AR G 03 N R R e A B
AERCR A AR R R AR o EER HL Btk B A - A AEM 3L
BRI TERE T ERERM A kR FUE AR AL
FREAGF S o LR AR 3 5 R .

1.2.6 ¥7 § F R (Oxygen Evolution Reaction, OER)

OER & F f2-kF B &L F k> KL F 5474 £ & (Hydrogen

Evolution Reaction, HER) » i&% B F B F A 2 chf M AEF & £ o Aip
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BBEF Y RFR T IES A RRA L DS S
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RO PHEFLY c P LR LT £HF i H (Ir02 RUOy) » %
g LIV A E s K F R i 7 2 (Overpotential) o

kg iE 2 OER~HER £ & Ji& ~ 5 3 40T ¢

Anode : 40H — O, + H,O+4¢” Edzr = 1.23 Vvs RHE
Cathode : 4H,0+4¢—2H,+40H" EJgr = 0.00 V vs RHE
Overall reaction : 2H,0—2H,+ O, EQgr = 1.23 Vvs RHE

FOIER A BLEF ¢ o OERfr HER 13 A W& 123V fr 0V &
OER * " M FF & BT+ @A FF oA HER *1F REHHTF 8k
FEAm o TR RMPBT 0 g d OER F& L 4 it B4 i fad F i
VIR OER B E T ERRAFEE G -

#= OER ehig & » 1§ 2~ B R R pLeniiic &) J i 7 it £ B f »xeh
fRi o P RE R AR R R L R R

P F B N AR AR AN SRR



21 R HE &

(1) nickel foam (NF ;2 /%44 ) 5 & 5 550 um » #7415 £ 9% > L2 &
(2) Acetone (3 ft) » CsHsO » Duksan Pure Chemicals

(3) Isopropyl alcohol (£ /3 %) » CsHsO » Macuon Fine Chemicals

(4) Nitric acid (#4' &) » HNO3 > Shimakyu’s pure chemicals

(5) Cobalt acetate tetrahydrate (ﬁﬁ' fadsw -k & #) » Co(OAC)

4H,0 - Alfa Aesar

(6) Potassium permanganate (:E4&f447) > KMnOs > J.T. Baker

(7) Iron acetate (fr f% I 4 ) > Fe(OAC)2 - Acros Organic

(8) KOH (z % i-47) » KOH » Showa

(9) lon exchange membrance (K& #t+ % #% %) » FAA-3-50 » AEM - Feature
(10) Acetone » C3HsO » 3 fit 7% /% » Duksan Pure Chemicals

(11) Isopropyl alcohol » C3H80 - £ /3 f%:% /% > Macron Fine Chemicals

(12)

10



5 A g BF T F A AR

2.2.1 Nickel foam ;& % &% i ¥

#if £ % ] 2 nickel foam j# k4 o o u R L Bk S PR S AR B RER
Awl A B BOF R 10 sk o BF R Y L B oRRe R R
€% 0.1M HCl % 10 A 48 > %4 & 0§ L4455 R507% - @ * B 7 80°C it
Frol g BN ER Y FRA (02 plasma) #-2 & 7 4 & {75k 0 @& ¥
P AOWET 3448 £ 9 MoRkF FT g - % 1 MHCI e 10 & 48 o

ke RER A G F V4 0 2 SR REE kY o

22245455 i1 ERE S

BAFRERSEP S 6 CotMn i 3:1 CMOH &2 £ > A8G S B
FoEAVER o A B e B P 4o S8 L 150 mL e g5 ok o =B~ 3 mmol
Frpcde k4 » 20 — B WEI = 23 E 0 T KB 1 mmol ik

BEFRAT S r F - BT Y o IR4E 5 A MBI B AR R 2030 B - BaciE ok

H‘i\

PR AR 2 R R X Bk Y e RALARREIT R RED o T k-7 g R

ok & g frilB AR L &0 R R R

kr

RE WET AR A LLRE > SR LRE

“1>

»E P AEERY > P RETE CRERRTBY A3 ETESG 15 A
CMOH & 5m#% 842 B 15 » #mfF CMOH {5 ehfhfr it * & 33 ke (7%
B #-H e~ 80°C enieda P gz 0 T & CMOH & wich? £ B4 o

F ik A0 CMOH W2 £gr b b ariple > & 150 mL &3 gk @ 4o »
Co:Mn %7 [t blchm Zfde > 2 B Cot Mn et B3 2 5 s iFAp e ih

3:1a 5P b o 23 CMOH 02 £ 4z -

11



2.2.3 4545 ¥ i* $ (Iron and manganese oxide hydroxide, FMOH) & %-
FMOH & et #f 3 4222 CMOH 4p fe > lﬁ“ﬂz—ﬁkﬁx =5 ﬁvﬁ fé 748 o
fed FMOH j&acs £ » B3 & BigE v > A W4 » 348 5 150 mL

2 45 ko 4B 3 mmol L T e » ok Y o AER H % 20342 o 42~ 1 mmol

EAREAAT o e X ¥ - fE Y WS A ERE R 2R R HES B Z G A
FE'EHE?P*””’J/F'“ /Elé\' ERe il?“{%“ﬁ" ’lﬁ#‘ 54’\%%—?—!;{&55@ o@iﬁ-%— %‘E/Z

pe s ity LS U \‘/'}L/ Fo & che RALARPEITIEAT BE L 0 2 (SR IR B 4

-\-’\

4 ERE NEF T%{%i&,}iﬁ:f\:’ » E B T 15 A 480 FMOH ‘«'Tiﬁts‘ﬁ
A2 o Efd ﬁ‘g-/w?f% SRR LSRR RigE S o e 80°C e e

FHFE o % & FMOH h4 £ @42
2.2.4 84k F 1 F (Sliver, Iron and manganese oxide hydroxide) /& 5

FUBAES "7 WO A2 FMOH 4pfe » W &m 54 § ¢ 3 ol pldl >
g SRR a0 > b F AgiFerMnt 5 03:27 10

Fel 4UBiGEF P ENhE L0k 0 ABH = BiTE TR o 2B 2 4
+ -k BAe i 150 mL o =B~ 0.3 mmol el fe 44 » H ¥ - BAEr > T %
2R fEP 27 mmol SEE L LA » T - BT 0 AT % 2R R R
Immol crifdgpedn » T IS5 L4 R 232 BT KRB FIRG 7 W SRy D

BRR - BUEY o FIEE 5 AR B R 2R L o KT - BigEaER 0 ¥

gr;g
|-
el
f

W2 U GRRRTE X e Aok Y e R ARREST R R 0 T kR S end

C“\

ERE NG AESERY > TRERRORERARTY  BFETES 15 A4

B FUB4E T B BT AR o B SRIIFEUBES P B 3
IR E e s r 80°C T BTG 0 RN USRS WP s £

12 -
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2.2.5 474842 F 1 # (Cerium, Iron and manganese oxide hydroxide) &
s

GFABGEF P RN R AR ARG R R 0 R SR AR
ST S FFpLAF > T Spdr hg Bt 0 - Cet Fe ! Mn @ Sgdr hi f fiot ik
% 015:285:1¢

Fo ¥ 4Falide § P Tt R 0 B E = BasE Nl 0 AN~ B8 S
150 mL 4 45 -k > §2B~ 0.15 mmol spd flagl » e » 2 ¢ — BAER Y o T %
7% f% > =B~ 2.85 mmol S L 4B 0 e~ 3 o~ B Y > FIEET 2 2R

B 1 mmol chifdEpidn > 4o 2 Y RS ABRE R 2RE BB

It

|~

I AT OBZRREE - BT > TR S LRI T 2RE o BR
- BREER DM o B D SNk T Aok Y e RZERETER R > X
BBIRR S and B 3 RFEER Y o BET R REARTY 0 A
B TIEF 1D AT P EN S R F RELREL BT R AR

i LI oREF R o r 80°C Y B ITWED o R A44SR TV P
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2.2.6 &F 44§ i $ (Cerium, Sliver, Iron and manganese oxide
hydroxide) i& 5%~

FUFMLEF P A AR RS AR o S e ARG B R
oo T L BRRS PEE B 0 B SR Ce: Ag: Fe: Mn it 3 AL
0.15:0.03:282:1¢

fed $UF4B4EF P F B2 LR > g AR F e BigE gl > A4 2 B

L
v

150 mL &2 &3 -k > §=B~ 0.15 mmol R fagr > £4e 2 B ¥ - B Y o 3

i

3 % 23 0% 0 4P 0.03 mmol cml a4l 4 r H P - BET Y WD R 2B
2o =P 282 mmol SEsEL I A e r B Y - BT Y WD R 23R B
1 mmol chifdEfisn » IS5 LR E 2 23/ TR LB 73 247 B 5%
PR ERE - BETY WIEDS AR ELLSRE o B - B OEN
ek S R e Aok Y AR RALARREIT T AR o TR R N M Y o
RE O REARTY 0 AT ETES 15 A EDEUFBET R TR
AR o i BT R A iR 2 A KR RgE o o~ 80°C e (T

Wiz o R AUFMEEF W s KiEAe o
ST FRE

TS N LR T ks AW LT & (Work electron) ~ £
7 #& (Counter electrode) # # % & {& (Reference electrode) » 2% i i¢ * F i = Vi fx
Nk AR R E T ERE v AW L AT RE A ARIF A FRE T
o 1MKOH 2 % f%i% - % 7 i*8 ik CH Instruments » & LSV (Linear
Sweep Voltammetry, LSV) #-5¢ 7 @ * #:# 5 mV/s > jpl @ OER it B o %

RETES RN ET R ST T 745 & (Reversible hydrogen electrode, RHE) -
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2.4 K33 R 3# % (Anion Exchange Membrane, AEM) = i g

A AR ARE S AR e TS AT R BRI S MBA TR Y
AR R AR A IR ] PR R i a i B (PUC) 2 A AR S i

[

¢ ﬁ%]sz Lo v 318 % autolab ¢ * LSV i OER /EipliE» 1

(7
o
&3
~=y
WY
¥

2

EREL PR A F Y TR A KR DRERELFA R

Gold electrode

~_ Graphite with
g flow field

F
j;// ’

W 2-1 AEM 5 %7 L B L

CMOH

ion exchange me

PYC (98% )

FARRELF I o b BRF Y ERYGA S BT F L (KOH) » B
BLOMLAEF X ABF? EBET M AR FREFY hf e 2
HRFRYEEHABEC > S fi? > B SRR e

BTORM EARRRE AR IR R BFY 0 R Mk o B iEaY

&
>
&
psi
B
[l

MUfE 4 BF T kAT
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-/, VNS YIS Y % I\
26 ikt g3

Bt le b MMAS R ERRS AR ot 25T

& F WA (mL) kWh
3 (5
10 ( L m
g (S) 1 kW
000 13w
(] 10

PR S AW RS > T Fhed B RA TR E AR 2 TR

x100 % = efficiency (%)
@ & (Volt) x & % (Current) x

kWh

T s oEELEF cRREE

NI A = . 2L 5F =2
SR RPE R T N

B
EEELR
PV = nRT A f# o 4 5 %L > Flb no o

225t = 28 2 0.91 » Ft 3 () X 0.91=2.73 (5

Ngec 298
RIp7 e R g5 3 FBEDY o FIUY a7 FEART R ¢ M Ry G oot

e o

2.7 i gAe < REYPiTAE

TERS O DB AR R o TR R i AR AP 02 0 BE AR i

roll to roll &= ;% % 248 7 > % 77 3 Bl4cB 2-2
BAEES BgE g o Al 2R E L 2100 A B ok 0 BT ORfER
294 mmol iy fk 454 > AT ¢ 0 WEAEE TR 203 fF 0 fRB- 98 MmOl i &R ik 49 4

»F - BYERY IS ABETIRDAME RS BN Y DB RIAETEIED

Lk H LR E o ,Fi,}e,,?,krﬁ FAY a1/ lﬁ'i&—i{;&%,ﬁ\ﬁifm LA E R :JZ_F
R RN R B > X R L1 N EE IR 0 IR Y

erEFARROHY o RRE S 2R e RGERE RBES RGOS T
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FoaEs T R R A BT KRR R e ke
r g 2 80°C e R B TR ~ AT
fhenilis S 5

B 3-2¥ EEUmESE T 3L H

28 T EF ML & R

2HEEF I RBRROT R Viﬁilk—? ER A SR N o3 F R S ah b
RS 1 s EU I S RN =N )"j&?‘ MET - LA TR E R B
HE R S L HREOT A T F (Double layer capacitance, Car) » # 4% > 4258 4o
T g 92

oo i@ _AxS_
dl_v(Vs‘l)_ 72
R ROT A T f" %3

LSRN R i A A
B T R
5 g o

T R ST R ’%‘}‘Lg% - BAE
% f% (Electrochemical surface area, ECSA) -

rsmﬁ%,j}'ul‘kz:;—‘ k;? l»ztg‘.f’réﬁlbgj;:}‘@
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2.9 HER #.1* &% i* (CM)

HER enigit #| 23535 % 5 5 CMOH 583 B & § R 6 7@ 5lenk fier
# 0 @4 A CM o

v NS R g E 5 CMOH *2~ 8% ¢ » #® * 350 sccm hiin &

=y

HradF 548 20%EFHP > LR FFRg? fHp > PopEF L 10

5
2

B HRUBEEr T F o R BABEP I UEEFEF P hF Y 4
Foo#T hME FrBHE A 350scem XL &1 EMERZS T 1000°C
RUsHFER = PP @ CMOH @i Mie 7B Ric? » BREAEEF RS
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CMONH efficiency
Sample 1x 3x 5x 7X
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