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: CdTe solar cells have a significant position in photovoltaic market due to their
¢ high efficiency and low cost. Among the various deposition techniques,

. electrochemical deposition offers simple and inexpensive method for CdTe
: fabrication. At a specific voltage, stoichiometric CdTe films can be obtained.
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: Since the reduction potential of tellurium ions is more positive than that of
: cadmium ions, anodic deviation from the stoichiometric voltage leads to
¢ tellurium-rich CdTe films, while cathodic deviation results in cadmium-rich
: CdTe films. In this study, CdTe thin films were electrochemically deposited at
: the stoichiometric voltage of 1600 mV, as well as at slightly anodic (1580 mV)
: and cathodic (1620 mV) voltages. Elemental analysis using energy dispersive

. spectroscopy (EDS) method revealed that the Cd/Te atomic ratios at 1580, 1600,
: and 1620 mV were 0.97, 1.00, and 1.03, respectively This finding indicates the
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: formation of tellurium-rich, stoichiometric and cadmium-rich CdTe layers. X-
: ray diffraction (XRD) analysis confirmed that all deposited layers were single
¢ phase CdTe without any secondary phases. The real thickness of the obtained

¢ films, measured via scanning electron microscopy (SEM) cross-sectional
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: images, was compared with the theoretical thickness calculated from current-
: time curves. The obtained results revealed a decrease in deposition efficiency
¢ with cathodic deviation. Top-view SEM images showed that all CdTe layers
: consisted of micrometer sized dendritic structures. The obtained results

: demonstrate that by controlling deposition voltage, CdTe films with tailored
: stoichiometry can be produced, enabling precise control over their electrical
: properties for photovoltaic applications.
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Electrochemical deposition of CAdTE and investigating the effect of potential deviation from stoichiometric potential

Extended Abstract

Introduction:

Cadmium telluride (CdTe) is a promising
material as absorber layer in thin-film solar
cells, due to its optimal direct bandgap (~1.45
eV) and high absorption coefficient of sun light,
making it suitable candidate in photovoltaic
applications. Compared to silicon-based solar
cells, CdTe cells offer advantages such as cost-
effectiveness, lower material consumption, and
ease of large-scale fabrication. Among different
CdTe deposition techniques, electrochemical
deposition (ECD) is a simple, low-cost, and
scalable technique. The composition and
properties of CdTe films are highly dependent
on the deposition voltage. At a specific voltage,
which will be named as stoichiometric voltage,
CdTe layer with stoichiometric composition is
deposited. Since Te has a more positive
reduction potential than Cd, Te is more easily
reduced than Cd. As a result, anodic deviation
from stoichiometric voltage leads to deposition
of Te-rich CdTe layer and cathodic deviation
from stoichiometric voltage results in Cd-rich
CdTe layers. The ability to fine-tune the Cd/Te
molar ratio via controlling deposition voltage
can be useful to manipulate the electrical
properties of CdTe films. Accordingly, Te-rich
CdTe layer exhibits p-type behavior and Cd-
rich CdTe layer demonstrates n-type
characteristic. In the present work, the
influence of small deviation of CdTe deposition
potential from stoichiometric potential on
obtained CdTe layer was investigated.

Methodology

CdTe thin films were electrodeposited using
two-electrode configuration, with fluorine-
doped tin oxide (FTO) glass as the cathode and
a graphite rod as the anode. The electrolyte
consisted of cadmium sulfate (3CdS0O4.8H-0,
from Alfa-Aeasar) and tellurium oxide (TeO.,
from Kanto) dissolved in water/sulfuric acid
solution. The pH of obtained electrolyte was
adjusted to 3.14 = 0.01. The electrochemical
deposition of CdTe was performed at three
voltages: 1580 mV (anodic deviation), 1600
mV (stoichiometric voltage), and 1620 mV
(cathodic deviation). The CdTe layers were
deposited for 4 hours for all deposition
potentials. The temperature of electrolyte was
maintained at 70 °C. During deposition, the
electrolyte was stirred continuously and
vigorously. After deposition, the films were

rinsed with deionized water and dried under
nitrogen flow. The structural, compositional,
and morphological characteristics of the films
were analyzed using multiple techniques
including; X-ray diffraction (XRD) to
confirm phase purity and phase structure of
obtained layers, Scanning electron
microscopy (SEM) to examine surface
morphology and real thickness of deposited
CdTe layer and Energy-dispersive
spectroscopy (EDS) to determine elemental
composition and Cd/Te molar ratio. Current-
time (I-t) measurements were dome during
deposition to evaluate deposition kinetics and
to calculate theoretical thickness of obtained
layers.

Results and Discussion

XRD analysis confirmed that all films were
composed of the CdTe compound, without any
secondary phases. However, the preferred
orientation varied depending on deposition
voltage. The Te-rich film (1580 mV) exhibited
a strong preferential orientation along [111]
crystallographic direction. Grain size of
deposited CdTe layers was determined from
peak broadening of XRD pattern using
Williamson-Hall plot method. The grain size
was measured as 33 nm, 24 nm and 17 nm for
CdTe layers deposited at 1580, 1600 and 1620
mV, respectively. This finding may be due to
the increased nucleation driving force by
making deposition potential more cathodic.
Elemental analysis was done by EDS
measurement. According to these
measurements, the Cd/Te atomic ratios of 0.97,
1.00, and 1.03 was obtained for CdTe layers
electrochemically deposited at 1580, 1600, and
1620 mV, respectively. This confirmed the
expected shift in stoichiometry, with anodic
deposition leading to Te-rich films, while
cathodic deposition resulted in Cd-rich layers.
These compositional changes have direct
implications for electrical behavior, as Te-rich
films favor p-type conductivity due to excess
Te acceptor states, whereas Cd-rich films
exhibit n-type behavior due to Cd-induced
donor levels. By tuning deposition voltage,
intrinsic, p-type, and n-type CdTe films can be
selectively fabricated without external doping.
Real thickness of CdTe layers
electrochemically  deposited at different
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potentials were determined from cross sectional
SEM images. For each sample, five SEM
images were obtained at different locations
along CdTe layer and the measured thicknesses
were averaged. The measurements revealed
real film thicknesses of 594 nm, 717 nm and
826 nm for CdTe layers electrochemically
deposited at deposition potentials of 1580, 1600
and 1620 mV, respectively. The theoretical
thickness of CdTe layers deposited at different
deposition potentials were calculated from I-t
curve according to Faraday’s law. The
theoretical thicknesses of 2130 nm, 2550 nm,
and 3570 nm were calculated for CdTe layers
electrochemically deposited at deposition
potentials of 1580, 1600 and 1620 mV,
respectively. The deposition efficiency was
calculated as the ratio of real thickness to
theoretical thickness. The observed reduction in
deposition efficiency at more cathodic voltages
is attributed to enhanced hydrogen evolution,
which competes with CdTe deposition and
lowers energy utilization efficiency.

Top-view SEM images showed all films had
dendritic  structures, with  micron-scale
branches composed of nanometer-sized grains.
Dendrite size increased with anodic deviation
and decreased with cathodic deviation from
stoichiometric  potential. This can be
demonstrated by considering higher nucleation
density at more cathodic potentials.

Conclusion

This study demonstrates that minor deviations
from the stoichiometric deposition potential
significantly affect the obtained CdTe layer.
XRD analysis confirmed single-phase CdTe
layer for all samples without any secondary
phases. EDS results indicated precise control
over Cd/Te molar ratio through voltage tuning,
allowing for fabrication of Cd-rich, Te-rich and
stoichiometric CdTe layers. The real and
theoretical thicknesses of CdTe layers
increased with increasing deposition potential.
Deposition efficiency decreased with cathodic
deviation may be due to competing hydrogen
evolution reaction. SEM analysis revealed
micrometer dendritic morphologies.

Ethical Considerations compliance with
ethical guidelines

The cooperation of the participants in the
present study was voluntary and accompanied
by their consent.

Funding

This work is based upon research funded by
Iran National Science Foundation (INSF) under
project No. 4034835. This work was also
supported by Shiraz University of Technology.
The authors are grateful for these supports.

Authors' contributions
Both authors had equal contribution.

Conflicts of interest
The authors declared no conflict of interest






OA 0 5loinc 10 Jl ¢ 1 Fo ¥ lio)y

Gl 5T 1 9 ot ooy LS g, s @9sedls 1,90 iyl
(8 y09eS gl 53 51

#Yu’_'é)afm L;LC t\d)‘b)wml aoblé
Oyl 6l lpads gimino ol wlge plo g (owdine 0aSiily Hluisly —Y

sas | VESFIYNA edly b
g 03k slagydy, 5l (S ) iy sladshe Slik > logug olSule pesedls’ sk sundyes slagbe VEL &[NV oy 2,0
Pay 4 pgeedS yoli wl imgly cnl 53 sl (pbonda iUl (Bg poeadls’ dygl all il cudily)l

ponsli sl (s oy psbite 4 ad Slasal T culs mSIlsloce 5l szl b sl lass Sl lisal

e VYo 5080 N0A slajldy > Slasal b eolitul poa sl (s 31 eledl calg U Jlone jloa (5 O¥lss 5 oSl (sl 295 ol Sl
S5 g posodl gl 56 5y s s 53 &8 3 s el gy il 65 ) ol gl o plol g 25 o3l (b &0 & lis
poodS 050l5 ol o311 uSul i il o 31 oolinl b e 393 (o Sl 4 B (58

4S5l s s pie U] s g (6 ytol 393 53 SLiiayl Sy sy (el e (gl &S 05 (5 Sl s

P 4 Sy (e VY 518 A0 by 5 0ud Jlosl (sls 4l )3 poa ol &) posedls (oo s ] 1

rtgy 3N sSess Sm gl ) 5 4y o ) 5,55 5 (Bl el VT 5V o e oAV Ly 0

WY+ 515 A (slaily o ons Jlael sla ol ly s 0 6 o3l oy e s

XYoL ol i & (5595 Coolseds 3 48 (65 o] J2ogls AYS 5 VIV AT b iy (s a0y o

a3y 15 ok Jlas! (sl ) (slyy L5l o330 siably 5 ol duglio b b dpulos 5ol ¥OY- 5 Y20 © DO

o o5Suws S olias b (538 o3I VY 5 /YA VAL plyy cus 5 & &y o VEY+ 5 15+ AD- 10.71905/jnm.2025.1201558
(5 g Sem (5l 00 31 JSutte pgsaslS syy9l5 4l o Wi plas 3 48 o 5 Wi

IS slvejly
P93l L yol ¢ alrondy U Slisa,l

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

Bt (e 1 ggmus bkiumn g3 o

b sirino oSl wlge wlo g (aodige 00Kl ¢ Hlutily 3 SLLS
HFAAVITYYOFAY + 38l
mashreghi@sutech.ac.ir: g sSJf o


https://doi.org/10.71905/jnm.2025.1201558
mailto:mashreghi@sutech.ac.ir

6 FogeS gl §Wg 51 31,501 15U oy 1 9 (2 liomny U SUESAU gy 4 eaaedl8 g yoli SLiiaU

el PHE 2-4 1, Sy 0ilg aal/ ] Jglxe ,3(TeO2)
O Cgo 4 poysli 5 COP g ©j90 & pgredls 9 o0
Ugons <) 505 b9y cnl 3 3,13 s Jsloxa 5 HTO, "
b oa Ul 8 S g5 51 bloy Blas s ytdgy b autis
Db o 03> )8 Slisal plas ;3 B lgie 4 (ol V534l
G clasisl b b HTe0, "5 Ca?* (glapygy 515 gebaus 15
poredlS )55 AU g 0ad Lnl po2joli 5 poradls (slogsl 41 2
2gd e Sl S aw 59
Cd?* + 26 = Cd )
HTeO, +3H"+4e'=2H,0+ Te )
W sl S sl posedls’ 4 s pguyols oS ol
P29l e (olondg iUl (SLBAU (> ) &S 39) 00 ,lla
Sloy (Bl g sl p3 Joloo g0t poradls (192 9 95 L]
655! 4 bl Ll g LS5 poayoli 4yl o sonts )3
p52055 5 p9wedlS yolis Sl posadls’ sy gl St S S]]
wl (gpais poysl all JSis ot 1wl Gite e
ot bty sl Sliial p5le (b poadls )0l
L) pilSio cpl obel pr [VY] e sbl ¥ Ly
slail g oad Lol 518751 980l (18,5 HTEO2 "oy
LC* clagye ol 51 o 5 0SB S ) 2 oyl
893 25290 po2ysl Sl b g 0l Ll IS5 g9 iUl (38,8
@ hlos onl 235 o0 S5 poredls’ )55 g 08 oS 5 WS
Sl iiliy 33 CPT & 355 0o s sl @3l L 0SS 5
5o LSt 5 s pSsls sl bl 4zl ublal oiSal UL
Clale Comd Bb popedls dyol US> (pale po el
Bl VT BN 0905 53 5 08 Jls pgsedlS 4y pga sl
9l popedls sl Ll (eapel laples Jgane yobo
5 Uge ) gt a4 clalé b HTEO,* CA%* (glayss
5 HTEOS" 5 o8 o clalé il Ugo Vo b o
25l (95 GBSO (Sae I o5 2980 s g Sl
Ul 4 55 g 0ad (5 HTEO2" (g2 | cdg iUl epgnedls
2 posgh g Meme el Mb Jole 53 poajoli sa0me
B9y ) d9dien ploml ogud 93 4 Ugans (SLiiall ey sl
Sloj sbojl 53 05 (oo )3 o3kl 3590 3bj &5 Jgeme
Blal cdgysl 4 HTeO:" (g 5l Lade Jolboro jasuie

7 Electrochemical deposition

8 Acidic aqueous solution

9 Panicker et al.

10 Transparent conducting oxides(TCO)
11 Fluorine doped tin oxide (FTO)

12 Under potential deposition(UPD)

doddo—)

M 5 9) Ol Sl 5l (S by Sl Jobs 09 el
sladsbe Jus dw (98T g o Comite pdy Mo (5
2 edygs gladsle Jol Jud [V] cosl o @) (00555
Sbdobs 4 Bgpao pod Jus cunl oSk ol STl
b oy sadoho Jold & cunl SHE Al ga0iyg>
CIGS' il L sy sl ol 5 poradls’ ppsli 3>
TS0y b oad oleo (50855 slasho pows s 5 395 0
g e Ll ) cunl T nlSsg g yss sl 5
P9 Jus o sh & Cosd (65U o> Jgl S (sl2 ol
g JB oKl joi pow Jus lashe o5 Jlo 530550
P> Jud sdudygd sl Jobu sblje j1ailon Sl Sl3L 5
Sl 4 lye Jol e gaedyes ladshe 4 Cons
Dl o s g gl colo a8 anja g Ay sl
ook 65y 52 (glo3 1S Jlomes Slains 1,51 [Y] 3,5 0Ll
033b )] a5 48l o plol pgnadlS el (g ygS
ol a3 [F Y] Cusl sy YN g0 4 o sk oyl
ekl & blos asipl Jas oail o938lisy il
ol b aulio )3 poredls )5l (gundysd (sl Job
3yl i e i sl GRIE1 4 ) SeSib
29 e o8 g bl poredls dysl andygt slo ol
Solie shey e <)l 5L 13 ol g9 cnl oSGl
258 03litl 3)90 posedls’ 5ol (G55 sla ol M5 sl
w8 Sl gy 4 olgee ole ol J & 2,5 e
JUs! SLisal [£] Ot lad dmas SLsaUd]" 5l
o9y 905 o)Ll [A] Y plensdg xSl SLisal 4 [V] 7l
Sl lagbg) 5 b aualio 3 ¢ olondy xSl SLisaU
B (o) ol iy o5 g sl (odg) cporedls 425
Myl caloy;obul 0 dae wlis ) |2
oy (owdikes GBI 41 Sl g 0392 Ao oS g o3 (ol (et
2l 4l

o ples )3 poedlS dygls ooy iSUl Slisal Ugoms
2355 (lrandg gSU SLisall 5 o ploil [W-1] % g
(W] e 5 Sty bawgi )l gl (gl plos )3 pgeadls
55 4 possl g pesedls lagys gy cnl 2 b GBS
porysl ST g (CASOs) poedls Sldgw JUss!

1 Copper-indium-gallium-selenide
2 Dye sensitized solar cells

3 Perovskite solar cell

4 Thermal evaporation

5 Close space sublimation

6 Vapor transport deposition

(°A) Yo gy U’»@" lez— ‘:w.hg)a dol& doluad



S I3y ol 40l g (B pubis e

&5 Sl 56y s L mla (i 25 45 poredls’
S5 yuss olgsds ygods 1y poredls 1ol ' IE Jb (sla Jol>
28 Mg e L slaels g95 5lai jl poradls” )5 elil
el Sl )3 )l Jolb jlas 5l posedls” sl 4l 95 gl
ool T yaKanls Jlasl b o T SOLE dao b (gl yob sl Jslo
&9 3 2k poredls ol wll (SO o 268y Joho sl
)9 4l yoKenl JUail g5 jl gandyg> Joho sl g 03921
3L P gy 5l Gl posedls

Cunl opl Ban G 20 (0 JWd pibs dlis sl jl CBua g0
ledl g gl Jgloxo I pgnedls” gl Slisall (ISl &S
ol 5l a8 ol ol K03 B 98 oy poa sl b o
255l U 2 (5 tegeS gl SUg Jluda Sl Slial 5 (S5
23,5 oy p Jolb> pgnedls

bl el (49~ ¥

29550 53 gy 4 pssedls ol (plhendiy pSUl SLasal
V oy o Sle ¥ Job 4 FTO e 6 VY] uis ploal
& n el 10 (o Cuaglie g jiodle ¥ Cualiis g o il
Ol 4 pogke ¥ jla8 &) (18]S aleo dae G 5 S g &
Jlosl Lol s gue 3 oslizusl b lisayl 5y s Clsas! ]
BAS () e Cod D Saile ax Ve glod jo Slisal s
Joloe ab plool adBs 3 59 VFer s 90 b Jolore
CAS042H0) pssedls’ clilgus ool 1 SLisal ol sl
» (Kanto Sle TeOs) poryol ST 9 (@] Sl
cdoySll gl o b adle Sopgdow dllO] gl
corSl obre 3 oySojlul YNF 2 o/y lsal
Jobre )3 pgradls Sl clale 5392 pgrjoli (32 5l glus
sl Wy o Slisal as cbsl JUge V Slisal culy xSl
pbul cueluw ¥ te 4 plas” o cdg (Lo VEY - 914+ NOA-
sl 3wy 4 FTO glaal ;5 slasal jl 1S as
Sgl il ploo bawgi 5 jlaiie Ol g g2l (98,5 el ]
O39r JB e b g 9 geitansd 45l FA- O 4y oS 0
5 Jud B oSl il ladiges Slisasl I s b Sl
DS KB )39 S hed b g g jlaie Ol
jlosliil b Jols poredls” a5l (slaasl Jbw S )Ll
b oSl 355 Gl 595 S s TSl 50 8l 55l
S35l ol (sl b (S0l XRD olSzws 3 oslizul
ol 5 odlizel 0.1° g, slopl o Clke 5y

b ol pssesls ol ol glais J1 5 e J (25S0s S

4 X-ray diffraction (XRD) pattern

ohd 5 e 5By oS cwl ) ey (ol cus Db
o8 PS8l 1 Cand pslae gyl > pga ol
oy S Clale s s HTOS ) o e Jslono
oo (35 eledl %05 oy pdoe Slisal e
st ke 3,58lsl b HTEO, by 5 culs S
JUsl e oS oboljl ol o] cdlls x> 5l i TeO,
Joloee calo LI sl o5 Jla gipl Jgloeo ,5TeO2
o o by TEO, calises (glacdal ol o TEO, 51 glus!
TeOz 45 ol 5,8 sl JUge Vo 1 Vo o3gamme 45 oS
3929 Jobre 3 delr 5B g0 g 0dls o g0 (LS
o HTEO, e 51 Sl Jsloma oy g5 b o2l
Clls s WS o 1y 0l (5 g Gy 5 0l > TeO
Glaal 5 Sy casl Jobro PH g gipusl Jslno ;> TeO,
b oad glesl cdg iU L LT s (L5 45 ol ) lie )
) S tagsSa gl poradls 2 )oli AU ls (oo por gl dpnS]
2,5 355 (Vb el ponysl 4 poudlS ol o b S 5
el pgredls’ 5l 4 2 38,8 5 e slayielyly 51 S
Gl el (SLU Sy (olonidy pSU Slisal g, 4 o
Sl Jeasly jai> ity cod Slisal pislse
beia] ) Jows pais | 8 Job (g @il sl
ol iy Bl S enlS Jeuily A 2 g 0dd (po2)sl
Wy o )3 9din (poredls Ll y3) S paie I 2o
Cusl )5 QLS [V7] 398 00 Jols (6 yiageS gl oS 5 Sleo
SLial gy W s e 5 o ool cudy ;S Jobrs oS
Ol 2 s e 4y sl 005 €Ll gy ol 5l pgronls” sy
paudie sl (o ) paasli oAb (5 (g e sl dlie
5500 e di Ll e adlsl Slasal plas &y payjoli Joloee
il Sl 5Wy S Glysol b a8 cuul o) ol dlie
b pgnedls sl all &5 (g5Ug (im) (g ytogsS gl Wy lade
poeedS djol AU (39800 Job (sptonSgtnl a5
Wbl ol Alis iy 45 bel 03,5 Loy Jols
Wl s yioaSgnal $Wy 5l Slisal 5We Bloul b syl
s poagl b ond gludl cdg pSUl 5l Jols pogradls )5k
L5l Sy &S Cuwll gadse cpl Cusnl sl oais
SP o ebdas (Sl Bld g ytegsSgtal pgsedls
P &9 solodas pgajoli 5l (S5 posedls )55 g oAb g
g N g (o3bdes poeads jl (28 poradls )l
Slasal 5Ws 50,8 5L gl o STII 295 0
3 (58 poredlS L)oli 9 po2ygli I (8 poradls sl a5 &

1 Majority carrier
2 Schottky barrier solar cell
3 Heterojunction solar cell

(°A) Yo gy 0-19-’ 3‘90— ‘:w.hg)a dol& doluad



6 FogeS gl §Wg 51 31,501 15U oy 1 9 (2 liomny U SUESAU gy 4 eaaedl8 g yoli SLiiaU

Qs sle al 4 bgype il (o1 > Al (o &8 SuS]
oSy b il el 15 ond Sliall pawedls
OlFse 1 29500 oanliio dld 18T 5 posedls )5l a8 5
Ve (s yageS gl JWg 5l (S Bliosl b oS 85 aoni
g 4l 5o gl b ol g oul cle g e
dged & boe £6X 0 gd o dbyl Job paedls
bgiye oly S s g (o VOA- 35U 50 0nds  Slisasl
Ol &S Cal i Olors (K0 4 Caws (V)Y) Slxieo 4
e duslie (gly .l [WWY] Clea 5o (ora i Ay ol
S () (FIV) & (WWY) Cldeo (Bl S b S
pxodlS dysl Al (x5 0y Gliee 3l gslire (laan/lain
Sl sl dges gl Tarn/le11) Coms A5 a8 )5 jlas )
ol odd puoy () ¥ S 55 calisee sty o o
$We 5 Tlenl Glsul b ogs o sdalie a5 jghilen
[N el » S5 @yge 4 Sl (g yiogSy gl
e siosSasiol S 5 2 esls ol b Lol bl e sl
et Bl o 31 7oy pme L g 4y i Sl
Wy dw pp ) peredlS sl 1 4 bgye Bl la Sy
sl oimy oLt oS W) ol il LB (slgy lisal
ol dU il e pymedlS Mgk VlaS ol (s ytogil
sl 5y 0 onds Jlisall parwedls )8l sla U slaS sk
9y ool ool b (e Jlom (gl (g 4 Cilisee

DI¥] ) 3929 0 (s alasly 3l gly 9 S sl om
FWHM cos® = &sin® + KA/D ()

Sl aygl; B g5 ) G > Sy celigy FWHM alasl, o,
VOY L plp) Cli 95y zgedsb A O 4 Sodp ol K
oy 1yt 2l o Sl 03101 D g 5575 )50 € (g ]
Slio oly @ bgpe S aw Jb = Gguebly (oo
hssb ool oilal 1 8,5 s 3 (M) 5 (1) {11Y)
dnwloee 0313 bl 5l oas 03l jgue b Tae 51 15,5 5| pasesls
O alizes ity 13 paredls’ X ysli Sysks ol pls s
Gly5ol b 2945 oo 0amlie a5 ol lods .ol sal () Y S5
posedls dypsli Sygly o3lul e ytogSgal Sy 5 sl
o3Il (gytegS gl Wy Jl sl Slpsl b g sl zli8l
ol b ol cnl Jdo boo (ialS poredls’ ol S ol
b A il Gl Gl b il oS gy 38
(Flisal & 9y8 Gl by SWy (9,8 Sl

6 Equiaxially
7 Crystallite
1 Overpotential

et A5 awd | eag) F9xSY eSg)Se )l eslatl
Tiipl (S8l (b by 4 Jols 4l (5 pais U
i) by sedly Conlies .0l plosl SEM olKiws 5l oozl |
$)95 Caliid g (s K900 glalie aw (g9Swg S pglas
tlasd S Sl e > olej = ol g 1
cou g @b -V

9l g iS55 ¢ aloono iUl 29 1 posedls” ol 411
Ly HTeO:" 5 boad glusl 5 (JUge V clale) CA** (5
€3S _aliyll @l s a5 byl pH = YAF £ +/4)
g o VEo e 5y 5 Slisal &S ol lis e By
G (5122) (5 509:5 gl S 3 L puadls a5l all 4y ot
o Jols (Vb ol (il 53 poayeli 4 ponedls’ (Jge clale
Wy e ol j) S Glymel gy 0 izl 4 loxT 5 g
G o1 o3y ez )3 43 9 G sy car 0 42
Voo Wy peglle Slusal 1V 0pd (alesd cuS 5 s
5y 5 (5 ol 3U5) ey (o VOA- (slajly 1>y Lee
Slsal Wy a0 .00 bl (50l jWs) ey Lo VEY-
5l Jols sladiges poad V IS5 i pbo] el ¥ coto 4
oS johailen amd o ol 1y i glajlly jo Slisal
CalgSy 5 Blo (Sen Jolbs cla s b o oanlie
(St ol (gl gy (S s & e LB o
Lol L 05 5l sl 4 (pg3 Caoglis 4

2 oeSal 4l il gl ponedls ol 5 sboml aub (6l
sdiges XRD (465l ¥V IS5 b plol diges (g9,
duolie | amd o ol 1) calisee slaitdy jo oad  Slisal
5 00-041-1445 ¥ clasS |y g e slagSII b ols (555!
2595 9 &8 31 sl 4 g o o 5 4 «5) 00-15-0770
Oilys 3l (b Jeols (66Xl &S 0008 yastiie (Cawl pasedls’
wl g oad Slial poredls sl all bawg WSl 95
poosd b gy by il p; FTO bl
a4 VAVY O 5 BYIAY © XSV ° AN © YYIVE © slls;
5 (M) XVY) (FY-) INY) Lol Clxio & bgyyo iy
sbls; 3 0ad palls il (slacSy 5 poradls )5l 4l (YYY)
© SVEY ° Y05 © DV © XYV C XY/FA C yE/ay ©
V)V +) Olrino 4 bgsyo s 5 4 A+/02 % 9 YAIYR © £0/0)
(Fer) o (V) T3] 9] (VV2) (MOY) {¥22) (1))

1 Scanning electron microscope (SEM)
2 Energy dispersive spectroscopy (EDS)
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