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Abstract

In this thesis, the study, deg and implementation of two photoelectrochemical (PEC) cell
systems having active surface areas of 100mmd 6.5cm, is described. The systems can

alternatively operate as hydrogen production electrolysis units utilizing INOX316 electrodes.

The generatd hydrogeninitially was detected in each casewith a gas chromatography
system, carrying a TCD detectdihen thehydrogensuppliedto the fuel cellarray power
Hydrogen(Hydrogen Stack Fuel Cellgjpe proton exchange membranéPEM- Proton
Exchange Mmbrane),which was constructedas partof the work, for the production of

electricity.
Thebasic function oPEC cell systems utilizéitanium dioxide (Ti¢) (anode) / platinum (Pt)
electrodes, which were tested in several @lelyte solutions. The Jtage/current data

were obtained with the use of cyclic voltammetry.

The PEC cell systemssed as a@hotofuel cell, (PFQ, for the direct current output, with

organic pollutants degradation, such as that of methanok(ZH, was also investigated.

In order to optimize the PEC and fuel cell systems performances, basic analysis of the

operating parameters, was also performed.

Keywords Photoelectrochemical cell, fuel cell, photofuelcell, electrolysis, hydrogen

production.
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UV5 (40cm) 63.1396 2.4191 2.4134 - -
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A02_IV_H2S04_CH3OH_lightUV_9W Il 1/2inch2
AO03_IV_H2S04_CH30H_blacklight 25W_III 1/2inch2

BO1_IV_H2SO4 CH3O0H_dark_Ill_Au_problem 1/2inch2 < -

CO1_IV_CH30OH_dark_IIl_A u_0,25in 1/4inch2
C02_IV_CH30H_UVOW_1Il_Au_0,25in 1/4inch2
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%
%

%
%

%
%

dataDO01:
dataD02:

dataEO1:
dataE02:

dataFO01:
dataF02:

%
%

DO1_IV_CH30H_dark_Ill_TiO2 1/2inch2
D02_IV_CH30H_UVOW_III_TiO2 1/2inch2

EOL_IV_Na OH_dark_Ill_TiO2 1/2inch2
E02_IV_NaOH_UVOW_III_TiO2 1/2inch2

FO1_IV_NaOH_CH3OH_dark_IIl_TiO2 1/2inch2
F02_IV_NaOH_CH30OH_UVOW_lIl_TiO2 1/2inch2

dataG01l: GO1_IV_NaOH_CH3OH_dark_ll_TiO2 1/2 inch2< -- a a
dataG02: GO02_IV_NaOH_CH30H_UV9W_II_TiO2 1/2inch2 < -- b a
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%% %% %%6%% % % %Y6%0 %% % %% % Yo URbRaE 3015

%
%

%

dataHO1:
dataHO02:

dataJO1:
dataJ02:

%
%

%
%

HO1 IV_NaOH_dark lll_Au 1/4inch2
HO02_IV_NaOH_UVOW._III_Au 1/4inch2

% da tal0ol: 101_IV_NaOH_dark_ll_Au 1/4inch2
% datal02: 102_IV_NaOH_UVOW_II_Au 1/4inch2

JO1_IV_NaOH_CH30H_dark_Ill_Au 1/4inch2
J02_IV_NaOH_CH30OH_UVOW._IIl_Au 1/4inch2

datak01l: KO1_IV_NaOH_CH30 H_dark_II_Au 1/4inch2
dataK02: KO02_IV_NaOH_CH30OH_UV9W_II_Au 1/4inch2

datalL01: LO1_IV_NaOH_CH3O0H_dark_II_TiO2 1/2inch2 < - aa
datalL02: LO1_IV_NaOH_CH3OH_UV9W_II_TiO2 1/2inch2 < -- b a

T Ce
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%
%

%
%

dataMO01:
dataM02:

dataNO1:
dataN02:

115

| - V_TiO2_TFKV009_pasta_ Ill_ dark 1/4inch2
| - V_TiO2_TFKV009_pasta_ lll_ UV_BL25W 1/4inch2
| -V_TiO2_sol -gel_ lll_ dark 1/4inch2
| -V_TiO2_sol -gel_ lll_ UV_BL25W 1/4inch2
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1 1S A, ' ¢ h h -~ B <wW Exed] h ¢ ht B - B vE 1 h >’ h * ~
J"/\hﬁ‘h Y-l S8 AT, ' ¢ h * ¥t . 8 h r C <t ¢ " ul"< h > 8 .
f<mr 1A dark Light - UV (10W/r)
E<s ¢ _ 7 v. . T h AT )
r <t v._ T EN_h< - h Jsc Jsc
- ¢ v i
W’ o<_ h >4 E<H (cm2) Uoc(V)| Isc(mA) (mAcm2) Uoc(V)| Isc(mA) (mAlcm2)
wSFt 2 A YIRIN2:UTO - Ti© H>SQ 3,226| 1,000/0,0000024 0,000001] - - -
Vrta o 1/2 in2:I1TO - TiI©® H>SQ & CHOH 3,226| 0,820(0,0000024 0,00000% 0,203| 0,000004] 0,000001
B-llI 1/2 in2:ITO - Au - THIO |[H.SQ & CHOH 3,226| 0,528/0,01837(0 0,005694 - - -
C-ll 1/4 in2:ITO - Au - TiIO |CHOH 1,613 0,063/0,000738 0,000454 0,229] 0,004159( 0,002574
D-Ill 1/2 in2:1TO - TiO® CHOH 3,226| 0,317/0,000571 0,000174 0,678 0,03886(| 0,012044
E-lll 1/2 in2:1TO - Ti© NaOH 3,226| 1,024/0,000004 0,000004 0,420 0,000013| 0,000004
F-11 1/2 in2:ITO - Ti©® NaOH & CEOH 3,226| 0,775/0,000162 0,00005¢ 0,627| 0,000035 0,00001
G-l 1/2 in2:1TO - Ti©® NaOH & CEOH 3,226/ 0,918/0,000104 0,000034 0,914] 0,000957%| 0,000297
H-1I 1/4 in2:ITO - Au - THO |NaOH 1,613 0,129(0,04925Q0 0,030534 0,150] 0,08344(f 0,05173(
I-11 1/4 in2: ITO - Au - TiO | NaOH 1,613| 0,621/0,02087Q 0,012939 0,667| 0,03928(f 0,024357
J-1 1/4 in2:ITO - Au - THIO [NaOH & CEDOH 1,613 0,139(0,05503Q0 0,034114 0,259] 0,13650(0f 0,084624
K- 1/4 in2:ITO - Au - THIO [NaOH & CEDH 1,613 0,253/0,07080Q0 0,043894 0,186] 0,046900| 0,029074
L-1l 1/2 in2:1TO - Ti® NaOH & CEOH 3,226| 0,235(0,028190 0,00873¢ 0,047| 0,000044| 0,000014
rTa a4 1/4 in2: TFKV - TiO2pagtdaOH & CEOH 1,613 0,348/0,00096Q0 0,0005994 0,878] 0,04236(( 0,026267
1 TTA U 1/4 in2: ITO - TiO2sol-geNaOH & CEOH 1,613| 0,401/0,000020 0,000014 0,525/ 0,000464¢| 0,000289
1 YA ~h ~ h ¢ h . - Ah ¢h ,h 2 AT A h * hA hj~hY" 'BC<_ WA > h
_h'h>W"*’\f ¢<'¢"'Vw“<"HW>B>h”Vh'VB“'1Vh’V\Z 1 h !
B.o Tl <ES YLt >tCY R AWTT3h ¢ ho'EEgC B. . A LA
(IPCEf h* [h~ R4~ A h [[<"A.H'.,.O0CCU_h< [TOTIG A L5 " 1 >h
¢ h I'D(DllFiQ—Au,‘B “ /\{‘h‘>' > B _" ‘ E< b ¢C_h"E<,_BI ""
N A L L h @V t A ~ J ~ < *h
I’/\hﬁ‘h Y 1~ " <7t >V ulh t ¢ /\Ih’h>w_ ,/\33“’4"5,/\ h -
-, h Jsc Umax Jmax Pmax
. ~ ¢ h h PR ~ " 0 0
[ Erjwg uv. _ _ <|@E<s ¢ _ (cm2) |Yoc(V] Isc(mA) (mA/cm2 ™) Imax(mA) (maicm2) | (mwicm2) n% FF | IPCE
wt Tl1/2 in2:1TO - Ti© H>SQ 3,226| - - - - - - - - - -
! 11 |4/2 in2:ITO - Ti© H>SQ & CHOH 3,226| 0,203)0,0000040,0000010,1207| 0,000002 0,000001 0,00000q 0,000] 0,321 0,000
B-lll |1/2 in2:ITO - Au - TIO |H.SQ & CHOH 3,226| - - - - - - - - - -
C-ll |1/4in2:1TO - Au - IO |CHOH 1,613]0,229(0,0041590,0025780,1134| 0,002071 0,001284 0,000144 0,015 0,247| 0,876
D-lll [1/2 in2:1TO - Ti® CHOH 3,226|0,678|0,0388600,0120440,3575/ 0,02038(¢ 0,006317 0,002258 0,226| 0,277| 4,092
E-ll [1/2 in2:ITO - Ti©® NaOH 3,226| 0,420)0,0000120,0000040,2232( 0,000004 0,000004 0,00000q4 0,000 0,273| 0,001
F-l [1/2 in2: ITO - Ti© NaOH & CkDH 3,226| 0,627|0,0000350,0000110,3404{ 0,000018 0,000004 0,000002 0,000| 0,281 0,00
G-Il |1/2 in2:ITO - Ti® NaOH & CEOH 3,226/ 0,914/0,0009570,0002970,4356[ 0,000452 0,000140 0,000061 0,006/ 0,225 0,101
H-1Il |1/4 in2:ITO - Au - THIO |NaOH 1,613 0,150{0,08344(00,05173(00,0914| 0,050320 0,031197 0,002851 0,285| 0,367| 17,574
I-11 1/4 in2:1TO - Au - THO |NaOH 1,613 0,667[0,0392800,0243520,1793|0,010670 0,00661§ 0,00118¢ 0,119| 0,073| 8,273
J-lll |1/4in2:1TO - Au - THO [NaOH & CEDH 1,613 0,259|0,1365000,0846250,1378] 0,06131( 0,03801(¢ 0,005234 0,524| 0,239| 28,749
K-l 1/4 in2:1TO - Au - THO |NaOH & CEOH 1,613|0,186{0,0469000,02907§0,0795| 0,02152(0 0,013342 0,001061 0,106 0,196] 9,878
L-1l 1/2 in2: ITO - TiO® NaOH & CEOH 3,226 0,047|0,0000440,0000140,0234{ 0,000023 0,000007 0,00000(Q 0,000 0,251| 0,005
r TU 1 |1/4 in2: TFKV - TiO2pasthlaOH & CEOH 1,613|0,878[0,04236(00,0262620,3249|0,01553(0 0,009628 0,003124 0,313| 0,136] 8,922
1 Tt |L/4in2:ITO - TiO2sol-g¢NaOH & CEOH 1,613| 0,525(0,0004660,0002890,2266| 0,00019¢ 0,000122 0,000024 0,003| 0,182| 0,098
I 3 U)max 2 I 3 V) max
P Gl L ST YA Py < 1240 Isqmaren?) Lo (%)
Pin /(nm)2 P(mMW/ cn?) Isc® Voc
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1 - h >>h

h 1 ¢ <' ¢" DefintiorReferencePoint ! h* h A ST’y @Y,

x 10~ Tgeaeosoe bealUUesU0Uyal: | =f(U)
A00:H2S04 dark Ill ITO-TiIO2 1/2inch2
) x 10° Tgeoaosae bealUstUUyal: I =f(U)
< 1 Il Il Il Il Il
- " A00:H2S04 dark Il ITO-TiO2 1/2inch2 3scanBGR
f = —
/ SR
5 1
/
e |
L
S
5
-2 -15 -1 u—05 0 | 05 1 15
KiUyeeeheUsdq Yid (Volt)
-2 -1.5 -1 -0.5 0 0.5 1 1.5
AGiUyecesheUsad ¢Yad (Volt)
1 h>>h_h r‘¢<‘¢"l u'|V<_h>5u\/Z’Jh'lAh‘|-uj"'l')_Yo"
% 10 Tgeasae bealUUes0UyalU: |1 =f(U)
0.5
0
-0.5
-1
|
1.5 -
[/
| \‘
\‘\‘ A01:H2S04 & CH3OH dark Il ITO-TiO2 1/2inch2
-2 f A02:H2S04 & CH3OH lightuVv 9W Il ITO-TiO2 1/2inch2
A03:H2S04 & CH3O0H blacklight 25W Il ITO-TiO2 1/2inch2
-2.5 : 2
-2 -1.5 -1 -0.5 0 0.5 1 1.5

AKiGUyeecheUad ¢vydd (Volt)
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t 13 > - v
m h ¢ h B > h h A, . o} B -
, - . -
, " A~ A stan(BGR BluetreenRed ' [ <t e W <_h>s
= x 10° Tgeesae bealUesUUyal: 1 =f(U)
< 1 T T T T T T
. { A01:H2S0O4 & CH3OH dark IIl ITO-TiO2 1/2inch2 3scanBGR {
©
0
[v]
o
S -1
- f
) ﬁ
® -2 ‘
T 3 |
o3
3 | ﬁ/
D 4 |
™
e} \//
.5
w /
2 6 )
-7
-2 -1.5 -1 -0.5 0 0.5 1 15
KiUyeeehelUsad gyid (Volt)
- 5 - _ ' _ i
n > “4Jc=0,203/;Isc= 0,00000hA Umax= 0.120% ¢ himax=0,000002nA
D y10” Tgeasse bsalUeUUyal: 1 =f(U)
< 2 T T T T T T T
2l A02:H2504 & CH3OH lightUV 9W Il TO-TIO2 1/2inch2 3scanBGR |
© 0
® S © T beaUU0e 00Uy al: 1 =f(U
10 geasae 4 u)
"2 / A N S S
{er / / 5 st A02:H2504 & CH3OH lightUV W Ill ITO-TIO2 L/2inch2 |-
oD -4 :
® -
- / // a2 !
-6 /i =)
k=3 i} ®
=1 s /‘/ = 0.5 X:-0.1207 -
DT I - Y2 1336009 E—
o f / = P
5 -10 H) El e
o) i - =
/ E D S
. | P
-12 i ' 05
|
w | u
2
2 |
| -1
16 0.25 0.2 015 0.1 -0.05 [
2 15 1 0.5 0 0.5 1 15 KiUyeeeheUsd gvyad (Volt)
KiUyeeeshelUad ¢gyid (Volt)
=) X 10" Tgoaesae bealUesU0U;al: I =f(U)
< 05 T T T T T T T
- A03:H2S04 & CH3OH blacklight 25W IIl ITO-TiO2 1/2inch2 3scanBGR
©
®
s 0
S
@
oD -0.5
p /
AN
T
o3
D
)
S 15
w2
2
-2.5
-2 -1.5 -1 -0.5 0 0.5 1 1.5
KiUyeeeheUsd ¢¥ad (Volt)
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