creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804:21031-200000374386

oK
L
I
>
L
do
e
M

FA7IEHA o A]
A/ A7 AlAH
(Solar water battery) 2] 2|43}

20214 24
TR
GG EFTFE

ey
ral
N



ok
!

A 2

-
.l
f
Mo

] 1 18
g718keH4] = el A
’ A2/ A% A2H

olar water battery)2] 2|3}

A WS
| ¥ o] &

o] =
| =ES 2N B
A BB o 2 A2
% =%

20219 2¢

EEET
-1-“-]:“—(_1}9‘]

oty
!
oo
ool
ofd

ol
o

ey
ral
N



20219 02¢ 19¢

S
il
Tor
Ho

|

_?;I

4

9} of



List of Figures

Abstract ........

.......................................................................................

2.2 Solar—powered Electrochemical Energy Storage system ..........

2.3 Solar Water Battery .......cccoceeveereereereereereereeereenresresseeseeseeseeseense



AR et ee 9
2.1 AT AR s 9
2.2 B/ B BA s 11
23 B B s 11
ABZTE ottt 13
3.1 Pt A=2 TR0l WE A B B7b e, 13
3.2 BT FRol mE FoHA AH/AE B7l .. 16
3.3 BT Agde] wE A" FRE FHIho ..., 20
3.3 Sulfite (SO N "WNN0... .. ... . L.......... 20
3.3.2 Redox couple (IT/157) cooieerererereeerevieseientereeeeieeseresesesenens 23
3.3.3 Organic compounds (4=CP, IPA) ........ccocevverevrevrerereerennnne. 26
3.4 AFATY F70 WE AT 8F B 28
3.4.1 Tungsten trioXide ........coceveeveereevrerrerrerreereereereeeeeeeeseensennens 29
3.4.2 Prussian Blue Analogue .........cooovveeveeeieieieceeceeeecneenens 32

_ii_



0 0000000000000000000000000000000000000000000000000000000000000000000000csesscssesscsssscsscs

— iii -

47



List of Figures

Figure 1. Schematic diagram of solar water battery. ........ccccceeveunneene 7

Figure 2. Discharge graphs after 30min of photocharge with different

type of Pt electrodes. ......ccoceeveienieeninieenieeee e 15

Figure 3. Photocurrent collections during photocharge without external

POtenI Al DIdg ™ e e doeereenerersiiTrons Mol gillege s Nerereeresereereone 18

Figure 4. Bandgap diagrams of photoelectrodes (TiO,, BiVO,, CdS) and

the intercalation voltage of storage electrode (WO,). ........... 19

Figure 5. Effect of hole scavenger on photocharge (PC) and discharge

INE TR, . W A A Sy 22

Figure 6. Effect of hole scavenger on photocharge (PC) and discharge

(DO el LN o e eeeeerevenseseneeas 24

Figure 7. Redox voltages of I'/I;” and O,/H,0O on Pt electrode and

resulting cell voltages. .......ccceeeeeeeeiecieciececeeeeeeee e 25
Figure 8. Effect of organic compounds as hole scavenger (HS). .......... 27
Figure 9. Capacitance of WO; with respect to light irradiation time. .30

Figure 10. Capacitance change of WO; according to loading amount.



Figure 11. Characterizations of NaFe=PB. ........cccccoevvrvineviecrnecrernene. 33

Figure 12. Comparison of WO; and NaFe-PB as storage electrodes at

Li" 100, ittt 35
Figure 13. Intercalation voltages of WO; and NaFe—PB. .................... 36

Figure 14. Cyclic voltammograms with NaFe—-PB storage electrode

using different itinerant cations. ............cceceeveeveereerververvennens 38

Figure 15. Capacitance change with NaFe—PB after 15hr of photo

charge in Li,SO, and Na,SOy. ...uvevieevieeiieicececiieeeeieenee 39

Figure 16. Comparison of WO; and PB as storage electrodes at Na* ion.

Figure 17. Characterization of NaFe—PB before and after photocharge

JAISChALZE . ..vverevrveerceeeeeenrereereesstiameeesesseogfloneneraensenaes 43
Figure 18. Comparison of NaFe—PB according to loading amount. ...45

Figure 19. Photocharge/discharge cycle performance of solar water

DALLEIY. ooveeteeieieteteeeee ettt 46



Optimization of photoelectrochemical

solar energy conversion/storage system

(Solar water battery)

Hyun Ju Go

Department of Chemical Engineering, the Graduate School,

Pukyong National University

Abstract

The solar water battery is an eco—friendly and efficient system that
combines the advantages of a water oxidation—based photoelectrochemical cell
and a solar—powered electrochemical energy storage system that can convert
and store energy simultaneously. The battery, which consists of a
photoelectrode, a storage electrode and a counter electrode, stores electrons

generated through water oxidation by sunlight without additional external
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voltage. Thus, their properties and combination are important for the
performance and efficiency of the solar water battery.

In this study, each constituent of the solar water battery was optimized by
the proper selection of materials. Firstly, the Pt foil was chosen as a counter
electrode by virtue of its large area. Secondly, the TiO, photoelectrode was
compared to CdS and BiVO;, in terms of the position of their conduction band.
Thirdly, PB was chosen as storage electrode material because it has a larger
specific capacitance compared to WOs.

As a result, the optimized composition (TiO,: NaFe—-PB: Pt foil) exhibited
72.393 mAh/g of discharge capacitance after 15hr of photocharging. It
indicates that the efficiency of solar energy conversion and storage is largely

affected by the configuration of system.
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2.1 Photoelectrochemical cell
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2.2 Solar—powered Electrochemical Energy Storage system

vz A, =g W el 22| FFoA oz E4Ho] TR
Sl= PEC Aol &S BT Solar—powered electrochemical energy
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2.3 Solar Water Battery
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(Lithium ion conducting glass ceramic, OHARA Inc., Japan) &&9to
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Figure 1. Schematic diagram of solar water battery.

(PE: photoelectrode, CE: counter electrode, SE: storage electrode)
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2.1 A5 Az

(1) Pt particle A= TiO, A=
S5t polyethylene glycol, 20000(PEG)E 1:19] FA H|&E =3t
ZA3 Pt black =& TiO, (P25) m-$HE mortar® pestles AH8-5H
124 AL H 2 €98 slurry)E FTO (F-doped SnO,) glass A=l
doctor blade ®'H-& AR&ol ZPATh o]F H7|=o4 450 TE 30+

¢ dAYE 9 PEGE AATH

(2) CdS Bd=
Poly-1,1-difluoroethene(PVDF)¢} CdSE 2:8 FA Hl&=2 w31l 1-
methyl-2—pyrrolidinoneNMP)2 HEE o] 4A17F B¢t & 9=
29ttt 2 F doctor blade o= FTO A= flol 2335t I¥
QHOA 110 TZ 1247 5 AZxSi;

(3) BiVO, &4d=
20 mM Bi(NO,);5H,0¢t 100 mM CINaO,& dimethyl sulfoxide
(DMSO) 100 mLol| &3t H A& (Electrodeposition) ®WHLZE FTO

Aol BiE ZERH oluf, FTO A=, Pt wire 12|31 Ag/AgCl (sat.)
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ZYZt  working electrode, counter electrode 12|31 reference
electrode2 A3ttt FTO A3 1.8V (Ag/AgCl (sar.)9] A2

7¥ste] AETFo] 20 pAhrt B izt JsiET, ol= 5¥ whEsict

FTO9| BiE A& A7l & DMSO= P33 70 T2 AF 2EA 1
AZb B Az Axd AFo] AReE "olyW 50 uM

VO(acac),& Ao "olma & 450 T9] 7|24 3AZF 58 &
Attt gA2d AL NaOH®}t /45 o8 Ex&d o=

= AR,

(4) WO, AFA=
WO, m¢-tiet Ax4dS et Super P, PVDFE 7:1:2 £A4 vl &= @
Z3 NMPZ AEE ghxo] E 48 A3 24X 759 124 5%

71 % doctor blade ¥ o2 FTO A= Qo] ZEst 110 T

e
.—‘1

FF 2204 12A13F &<t Ax3d

(5) NaFe-PB AHAA=ZL
NaFe-PB(Prussian Blue):= 7]|& B1d" "oz FrASIYTHT]. 400
mL9] FH o 7.76 g2 Na,Fe(CN)s10H,03} 4 mLe] HCl 37%)&

a4

A7t 60 ColA 700 rpm o2 4A|7F F<9F Wb AJFic}, o]
2YE &9l 22 F SR, JdFg2S AMES| AA. 4=

80 Co] AF QBN 1243 B¢t AxFh Az" WHET Super

T
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P, PVDFE 7:1:2 B4 ¥]l&2 %53 NMPE HLE Yol 2 W

doctor blade H 22 FTO A= o] &
Z3i

A1l 4A7F B Beta

gsto] 110 T g 24 124 ¢ A

2.2 Z/A715eH8 £4 £4

Potentiostat(/VIUM STAT, HS Technologies)

S AR5t A AAHNA FPoeg Xe lamplsolar simulator,

A.M 1.5 filter, Abet Technologies) S A&31%3, F714 91 Q7 AYS

7FebA] gkskeh. HhA #ALe HAFA A A Ao A o]zt 0V

=28 72 10uA/cm®e] AR[-E 7Fstgi). Cyclic voltammetry(CV)
ZYZy working

£ NaFe-PB A=, Pt wire 12|31 Ag/AgCl (Sat.)S Z}Z

electrode, counter electrode 18|31l reference electrode® A}-85}o]
10mV/s2 A5t AsdL 0.1M =9 &Za] ol (Li,

K& AH8ste] ol wE ¥3d= FUskA.

23 24 &4

NaFe-PBe] EA & X-A 3]ZEY (X-ray diffractometer,

XRD)# X-A FHA BFH (X-ray photoelectron spectroscopy)=
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59 o]Fo R, FAPEAA@0|A (scanning electron microscope, SEM)

2 B3 92 2719 GejS BAstArh B9 ouA By X-4 B

i
Mo

B (energy dispersive X-ray spectroscopy, EDS)E &3l /1]

A,
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3. 444y

3.1 Pt AF9] F7ol wE ¥ B4 ¥71

B3, A BN 7] A3 AfdY FRol OE 5/
A E4S gAYl &4 74 2452 HAS 1 93 Fots
Atk WA, HAH AN A=< Pt A9 FH O IE IFS
Bttt W g T AAT9 mHA 4t4o e Hhgo] o
ojubnz AF9 WA zo|7 FA 7 W AYe FFS & Ae=x
A= 44 fHo] aA o= dojd 4 QLT PtE 7|E A=
2 AMS}AL wire, particle 18|31 foil FEjQ] A2 ARESHAH. Solar
water battery®] A HAEL ABFHF intercalation H$] (¢F 0.2 ~
0.23V vs. NHE @ pH3)¢t Pt 2= ZHA dojyf= 449 gl A

9l (eF 1.03V vs. NHE @ pH 3)9] 0|2, o]gF oz of 0.8V A

Ll

= AT 4 Aok AT Figure 2904 Pto] W2o] Wo4E A A
7t

Aol AE A AR Apol7t IA AT, Pt wiree W2 A HAdE

2

o

o|N
ol

= A2 2 4 Ao Pt foil (6.25cm?») 3} Pt particle (1cm?)

Zt=th ol Pt wire7} 22 WAS Z17] wiZo] 44 & HgS o
S717] S8 2 o] TAYsto] AA A Mebo] Fol= Aol
W F835] 2 WHE 7HAE Pt foil#t Pt particle AtA &9 ®Rgo]
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dold & U= BAH] Wol G £Y & Utk
Pt particle®} foilof Al Al H<eFe] Zpol= A FAITE, Pt particle>
Az g F w7 SA6hH 32 Y4

AL Pt foil& AMESHAT)

tlo

2t7] 2ol o]F dde
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— Pt foil
- - Pt particle
/>-\ 0.6 - — Pt wire
)
S
= 04
@)
>
o2
0.0 " 1 i 1 i 1 i 1

o/ W22 B Ns |75
Capacitance (pAh)

Figure 2. Discharge graphs after 30min of photocharge
with different type of Pt electrodes.

(PE: TiO,, SE: WO, CE: Pt, Electrolyte: 0.1M Li,SO, pH 3)
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batteryoll A Bl 2] A% a&& AHst= 583 40|t AxH
o8 LdHE HIEFY dREE2 7HFelAR Z]E] AMSHIAW
TiO, JFEm 242 & WER oUAE 714 7 &F4-&°] Wt
2ol MEZ o7t Z& CdS9t BiVO, S H|ZF2Z L5t
o, E3F AT (conduction band, CB)9] X7} ¥& BivO,9} 714
Zd| (valance band, VB)9] $]*]7} =2 CdSE H|®5t Zt band9] ¢
A7} batteryol] oJBA Z-85h=A] S5ttt

Figure 32 ZtZ4o] A=) HS H|Fo| AR FAATT AFA

=9 WO,o 2 s2+& FARE SRIRt Aol o] AN &

Ir

qzo] BiVO,e] FHARE A9 527 gt} ol Fue] CBe
Ax|1et AFA=Z9] intercalation L] o] W|RE O 2, Figure 49| 2]
oA &g < 3ot BivO,o CBS] #A (0.46V vs. NHE)= #7384
=9l WO,7} HWO,2 3H¥5+= intercalation A9 (~0.2V vs. NHE)
Hoh &9 g2 7Kt dizo] B4 FAA= WO, °]Fst7] of
i, AFEA X3t FAA= 2 A2 Hol FHAFE= A =
22 ¢A A
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v, CdS A3 &2 A9 CBE Z7] wjEo] WO,229 A
oAt VB A= £7] HEo] & 4st §hgo] «
go] dojuz] o, AALHA 2 &2 FHAC} A= FA
FE 954 FoHs8, 91. WEtA solar water battery?] FHAFOoRE A

2
r_>.i
rlo

FHA=9] intercalation AR} 9| S 2= CBY =9 4t8) whg
o] A&sHA dold 4 U= VBY AAE A= 2d& AHdfof 51,

H S B2 = 1027]- 713 A A5}t
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Current density (nA/cm?
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0

20+
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Irradiation time (min)

Figure 3. Photocurrent collections during photocharge
without external potential bias.

(SE: WQOs, CE: Pt foil, Electrolyte: 0.1M Li,SO, pH3)
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V vs. NHE

Photocharge

e
= 1
A
1
1
1
24ev| | e
3.2eV 1
: Intercalation
1 voltage
24eV i (~0.2 V)
h* ||
]
1
1
h* h* :
1
1
1
i
TiO, ||BiVO,|| CdS | i WO,
]

L PE—1 LICGC SE

Figure 4. Bandgap diagrams of photoelectrodes (TiO,, BiVO,, CdS)
and the intercalation voltage of storage electrode (WO;).
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3.3 3459 Ao g AN2de F8x BT}

T FeEW 3A 82 572 4 o=, FAAY 9 A
12)517] €3¢t hole scavengerS H715te] FAFE A5y WA &
FE 815t} Hole scavenger2+ sulfite (SO5%7), redox couple (I
/I7) 283 571 LE9EZ (4—chlorophenol (4-CP), isopropyl alcohol

(IPA))E A&ttt
3.3.1 Sulfite (SO;%)

=9 A3t &Y Wrg2 4719 ARTE LSRN, sulfites 183}
T-goz EHT ARPF 49 FAN-SolA f2lstth Hole scavenger=
H sulfiteE FAS Ao H7Fg B¢ AAHE &2 sulfiteo] &3]
w2 AA=Y, FARL} T AAgo] dojuA] ot ¥ =2 BHA
FE ALY &+ Yok Figure 5(a)+ FAFL2E TiO & AHEStY FF
A ARz, sulfite®] E4 Al FARIE A Asche A2 AT 5
Ut st FARTE AFE AAY F E} 5ojv= RS Figure

5(b)2 B IHZ (case 214 & 4 Ut SHATE case 2= FH A
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MA A4S T Al W sulfites AAE S A, case 3914 &
= Q=ol AFHE Well sulfitert 2REHR] F3 gopolE A A Ag
< A @54 "ot ol SO,.2/50,.279 &Y A7}t 0.2V vs. NHE
B 440 Y A HT o} WO,9 A9t Afo|7t A FolE
7] w2ell A Age] ZAsHA At
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Figure 5. Effect of hole scavenger (HS) on photocharge (PC) and discharge (DC).
(a) photocurrent collections, (b) discharge curves in different electrolyte conditions

(case 1) PC and DC in Li,SOy, (case 2) PC in Li,SO, with HS, DC in Li,SO,, (case 3) PC and DC in Li,SO, in HS
(PE: TiO,, SE: WOs3, CE: Pt foil, HS: 0.01M Na,SO;3, Electrolyte: 0.1M Li,SO, pH3)
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3.3.2 Redox couple (I'/15)

Figure 6= ETHE hole scavenger?l redox couple®] Y3 RIgH
ARE, SO &= AAHEo]l E7Hsdt 2R EHOAT redox couple
¢l iodide/triiodide= cycles ©]Fo] AALgo] 7Hs3t EHo|th
Figure 6(a)9] 333 PN T= Lol <sf BA4H holeo] <J3)
L 2 AV8h] 3, Figure 6(b)2] W eI [ 7 ['2 SHach 1o
At Hhg2 BT 23 AMESH| el FHRE =9 Atst bt
SHO B £1, AFEE AR S B (Figure 6(b) case 2). 5t
gk Figure 79 A9 & 4 Axo] ;9 & H9l= 449 &
ARG £7] "ol A ASsto] F4astA Hrh(Figure 6(b) case 3).

Sulfite®} iodide/triiodide redox couple 5 hole scavenger 2% &
NnHor F& 4R fgo] FFA FAAA AR ALS &olst

A o 2 FHFE AAAATG10-12]. SHAT T PN E A

549 Qo WA 8% % A AYL wEt U hole
scavenger $l0]&k

st A Al
o}
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Figure 6. Effect of hole scavenger (HS) on photocharge (PC) and discharge (DC).
(a) photocurrent collections, (b) discharge curves in different electrolyte conditions

(case 1) PC and DC in Li,SOy, (case 2) PC in Li,SO, with HS, DC in Li,SO,, (case 3) PC and DC in Li,SO, in HS
(PE: TiO,, SE: WOs, CE: Pt foil, HS: 0.01M KI, Electrolyte: 0.1M Li,SO, pH3)
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~Discharge o

V vs. NHE .
A :
] e
= I
— 1
= I -
0o —= : e
_E : t ntercalation WO,/H,WO;,
= I ge
1 —= -
= 1 cell ¢
= lvoltage /
2 —= | 4
= i
r— 1
E 1
3 —5 |
I
1
I
I (0]
i |

CE LICGC SE

Figure 7. Redox voltages of I'/I;7and O,/H,0 on Pt electrode
and resulting cell voltages.
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3.3.3 Organic compounds (4—CP, IPA)

Figure 82 hole scavenger2# 7] 298 B2& A7 Ago|tt
Solar water battery®] FAS3} AH=9] vEexE= 4t40] w3ks ¢

g5 s7] Q8 4 Aador FAE 9t mEe] Ed Hrt

Agze 540l UL, olF BEI 2ABAL WAT £ Ut 471
2 @B AS ANl TP5T AL ohxE, o3le AnHoRA
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Figure 8. Effect of organic compounds as hole scavenger (HS).

(a) photocurrent collections, (b) discharge curves in different HS

(PE: TiO,, SE: WO;, CE: Pt foil, HS: 100uM 4-cp, 10 vol% IPA, Electrolyte: 0.1M Li,SO, pH3)
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3.4 AZAF F57 UE A &F ¥l

AFASTL FFA A ABPE BFHARE AHste IS otH,
solar water battery®] 8% A A AAo| Fagt 40|t FFHA
goA AR FAAE & 48517 Holl AFH=9 intercalation
A= B9 CBY YA H 2 FHolojof jirt. x|t 2FA
=9 24o] U7 W intercalation MAE 2= A¢, ¥ T A
FoA dojub= & W-ET A Zo|zt A2 ol AA A Aol
wold 4 ot wEo] AEe AFAS 229 Ago] Fasirt
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3.4.1 Tungsten trioxide
A AFNN HF AFor AREHIE WO, & H' E+= Li
oj2¥ Azt Aol o3 H,WO; W Li,WO; o FeHiz A=,

Fdel s oAl @FE= EoteA Heh (WO; + xe” + xH" (=

ir

Li") « H (®: L), WO,I[5]. Figure 9(@)= WO, 9 AHZ &F<
dotry] Qg WA Axz, FFTH BAAAA Pl ZAHE
galste]  ARS  APstrh.  Figure 9 A A7
A4-E diE 9] 832 SoubA| HlFsHA] g1 A =EstEE

[e]
225t

A% g% Z71E 5] WO, 9] loading %S &7 2L A7t 9
91 ZAIQT. Figure 10 o4 & 4 Aol AT &4 4ol
7S o 3R A% 8% BT ST, A5 243 2 o
F7HNZ A vl A% §F2 oF 1.6 8] F7Istth ol WO, 9
=2 intercalation AY7F WA HPA= E2 A HAYS HPZF =R
A 4 AW, FFH A= AAZL AFE+E  band
bending ©] ¥oju7] wiFo] AR} AG9| FF o] Robx AR A7
A7 Ao wetA 2290 A7 &7 7 A9 A9 22

s e Bohu st
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Figure 9. Capacitance of WO; with respect to light irradiation time.

(a) discharge curves, (b) discharge capacitances with different light irradiation time

(PE: TiO,, SE: WOs3, CE: Pt foil, Electrolyte: 0.1M Li,SO, pH3)
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(PE: TiO,, SE: WOs3, CE: Pt foil, Electrolyte: 0.1M Li,SO, pH3)
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3.4.2 Prussian Blue Analogue

WO, E gAY qtet A= EZAZ Prussian blue (PB)E A=5}%

th PBE 274 W ool AHE 4 Uk A7t wowl, 9He 5

S

342 zr=th T3t PBY intercalation A9E 0.4V vs. NHEZ WO,
Hor &9 g= 27 gl ofztel A AL A4t & 5 UA
g, AR CBLEe] AYAe|7t S7MHBE R Ao AGo] ¥ &
ojg Aoz Z|giAH16, 171.

d4= PBE Na, Fe 7|49t0 8 NaFe-PBE §Hslglrt. Figure
11(a, b)¢] SEM &9 Z7}t /4% NaFe-PB:= 500nmolA 1ym 2
ARl =2 YL FH FHE 71AH, Figure 11(c)9] XRD 2},
NaFe-PB: cubic €9 Fm3m #225)9] AAE ZF= NaFe-PB9
I AR FE2E dv Aes Qs Figure 11(d)9 EDS &4
2

T, 3/dH NaFe-PBE= NagoFe; 43(CN)(2.48(H,0) 9] 3etalS 7t
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Figure 11. Characterizations of NaFe—PB.
(a, b) SEM, (c) XRD pattern, (d) Elemental analysis.
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Figure 12 = WO; ¢} NaFe-PB 9] AFHFo2H 53 vt
d¥oltt. Figure 12(2)9] FFA I ZA & 5 RO BAF=
AZAZToR WO, & AL w R} NaFe-PB & AFHS o oF
2 H 53t} o= Figure 13 9] ZAloA &g 4 Ql%©°] NaFe-
PB 9] intercalation A7} WO, Bt} %9 k& zt7] wj&o TiO, 9
CB ¢} H9&7t AA FAZAY Ago] f & o] wZoltt. EF,
BAZE FERAFE of¥l= ©W WO, o 3¢ B3dR/7E oF 1.5 Azt o|F
=235 FAagth sHAT NaFe-PB 9 ¢ ¢F 7 A7k FHR[7}
AE= A& & 5 ok ol NaFe-PB o A% &Fo] WO, o
Hlg] w2 AS ou|stH, o]%o] FAT FAFO F4+= NaFe-

PB 7} E5E|91g-S oulatc,

Figure 12(0) B34 98] 229 3348 SHOW ¥4 £
(DO)& B2 AIZFe] weh Uehdl 2102, NaFe-PB o #33 §%]
WO, o s} 27 FYEIor FEA AL wet FrHEE RS
S otk SR 15 A7 BB F 3R 8%l Fast: By
/37 58 EF Uehiid], ol AHIHE Lit o]2o] H8) NaFe-
PB o Zz Fxbo] 7 wRe] olfo] PMOR IAHA %

27t gA doju= Aer F5Hoh
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Figure 12. Comparison of WO, and NaFe—PB as storage electrodes at Li* ion.
(a) photocurrent collections, (b) discharge capacitances with different light irradiation time

(PE: TiO,, CE: Pt foil, Electrolyte: 0.1M Li,SO, pH3)
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NaFe-PB o 4% o|29 JF= FotH7] sl cyclic
voltammetry(CV)E &35ttt Figure 14 o4 Na*E= H&3t 4H5kshd
peak 7} YEtUH, Li'e HAZHoZ 4uidl FeE HQIth ¥IH K'=
BEe 3 A9 peak & ZHAAT HAFIF A 527 geth o=
@43 NaFe-PB o o]2o] A¢d w o] IA7|7} S A=
AL yehd. o9 7|7t & K'2 NaFe-PB 9o Azo] 44
A7 o]g7] "ol MRt & 524 ¢gon, L'y Na' BF
NaFe-PB AAY A9 4GA9t AAE 37|18 Z= Na' o9
EAE o o tFH ez AFEE AL 4 4 18]

Figure 15 = Li'¥# Na'ol2Z AAIS] Hlwsty] fls] Hsfids

Na,SO, 2 HFEo] 15 AIZF F¢t JFH/4d o AFz, F3A A

l‘

FARE 2 Aol7b QAR A Al Lit o]2S A4S o Bt Na*
oS AYstAS W o A A Htet FAAH 87F (72.393
mAh/g)-& et o] NaFe-PB o 4% o]2o= Li* Bt} Na'
ol2o] ¢ HAT AL oulgich.
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Figure 14. Cyclic voltammograms with NaFe—PB storage electrode
using different itinerant cations.
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Figure 15. Capacitance change with NaFe—PB after 15hr of photocharge in Li,SO, and Na,SO,.
(a) photocurrent collections, (b) discharge curves

((PE: TiO,, SE: NaFe—PB, CE: Pt foil, Electrolyte: 0.1M pH3)
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?tH Figure 16 2 NaFe-PB ¢} WO, o] Na* o]22 H¥YA7]=
5ol disl BFxA AIZHE gEste] Hlutt dytg, A% 249 &9
¥ T AY 8FL NaFe-PB 7} WO, Bt 453] 3ot stxg A
Aol AT WO, & 2] NaFe-PB & ZAMA|ZO] ZojA4E A
Agol F7tste A= Helth ol WO, « HWO, 9 wh-go] oF
0.2V vs. NHE oA d3sHA dojvt= WHH, NaFe-PB ZAHo] Na*
ol2o] &/AUAHE %32 0.4V vs. NHE BEZ, o] g2 33U
o]2o] =3leo] QIE W FHulz ¥ & Sl Adelth. Figure
16(b)oll A & = S%°l, NaFe-PB 7} Z2Hd 7, 15 ARt o] oA
0.4v 9o mmg3t A HY FZH(plateaw)o] TFEHZAT TJHT 2
ZAAZE (0.5, 1, 3, 5 AZDOAE= plateau 7} BHEEHZA] ¢t=ct, T3
Figure 16(c, d)ollXl & 4~ Q1%°| Na® o]2& At Aol FZAL
AZrol Aojdag F/EA §FY Zol7t AT 1 Aolrt Li
oS AURS W Ho IX ¢&¥, 99 AF T AT &8F Et
WO, Xtk NaFe-PB 7} § Ft} o]= Na,S0, AHAL AL
4 NaFe-PB = B2 ¢ ol2s ¢AHHo= AT 4+ U=
Uebdch ofA] @5HHE, NaFe-PB 9 intercalation 97} WO, Ertt
271 "ol FARY} A 87 Fgol 7HesHAR, A oA
#AE op7lst7] wizol olof Higt S&o] 714 or Hasit.
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Figure 16. Comparison of WO; and NaFe—PB as storage electrodes at Na* ion.
discharge curves of (a) WOj3 and (b) NaFe—PB as storage electrodes,
(c) discharge capacitances with different light irradiation time,
(d) coulombic efficiency with different storage electrodes

(PE: TiO,, CE: Pt foil, Electrolyte: 0.1M Na,SO, pH3)
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BZ=A3t v $9] NaFe-PB 9] W3S 39lsl7] 95 XRD <}
XPS BAS 319t} Figure 17(a, b)9] XRD A4 cubic FE]<]
NaFe-PB 7} #%# % rhombohedral Fe|2 HIH™, WA F A
cubic ¢ FEIZ vl AS FlstAtt. ol F/TAol wEl NaFe-
PB o Az o]l Na' 0|29 g/4do] 7tdFez dojub: AL
UebATH 19, 20]. Figure 17(c, d)= F5A3} 94 %92] NaFe-PB 9
A duAE &AAsty] g% XS o A#=, Figure 17(0)°] F53
oAl Na® o]20] NaFe-PB Zzto]| Ad=o] Na® 1s o] peak ¢t
2% A7t Frkst HA F oAl B A Z2 A=
Eole+= AL AT 4 ot ?HH, Figure 17(d)9] Fe 2p A=
354 2l w2t A duAzt ZeiAe AE B 5 e, ol:
SPEsE ARV @ol EAst A Avx7t FolAlE XPS 9
Aztel giigct, o] Aih= Fe'd of vH= Zhe)g &3 Na'el 444
T Fe-Na' ZHld o = 7l aEc 37] glgoz sjAdd
F71&E & 37719 Na & 45719 Fe Bt i} HzAto] 9] A7}
7V, Axpe] Ex7b At weEbk Na 9 o] AE IV ol

_\-'._L

r

Fe Hot Zst7] wiZe] Fe’'7b Fe-Na'z =T Ze

quzl= © A= AS & 4 Aot Fe 2p peak EZ TH

o

B34 A3t 2L Az Solert oS B NaFe-PB o 7o

e,
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Figure 17. Characterization of NaFe—PB
before and after photocharge/discharge.

(a, b) XRD patterns and (c, d) XPS curves (Na 1s, Fe 2p)
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NaFe-PB = 3.4.1 A3} Zo] A% &3S S7H1717] AAsl A=l

Y 5= NaFe-PB 9] loading %2 F7HAFA . Figure 18 oA & 4
Axol, FFH HHAA AA7E E3E= ATFo] lem® 9 NaFe-
PB oAt ¢ 7 X|7to]H loading e FHIEZ Z7IAZ 2cm? 9
NaFe-PB olA= oF 16 At A==, 2 H] ol &3oH, ¥ 83
T3t 2 v} o] FUtslgh ol H w2 FARE st FHSS
ARgSHE R E SR AZAE AZE + deH RAZY "HIUAE
Az &8 5 A== HEHdTH

ulz]a} o 2 Figure 19 oA TALA 2 714 FFs A4S =T
283t solar water battery 9] cycle S &Qlstyrt. FAS,
AFAZ, AdHAFer 7t TiO, NaFe-PB 121 Pt foil &
A3, AR 0.1M Na,SO, & AH8¢ HASHE solar water

battery = F 10 ¥ gt& A3 52t coulombic & 96% ol o=

RO}

FASE B WP A A BFA A AL et
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Figure 18. Comparison of NaFe—PB according to loading amount.
(a) photocurrent collections, (b) discharge curves

(PE: TiO,, SE: NaFe-PB, CE: Pt foil, Electrolyte: 0.1M Na,SO, pH3)
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