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Abstract  Fluorine-doped tin oxide (FTO) coated NiCrAl alloy foam is fabricated using ultrasonic spray pyrolysis deposition
(USPD). To confirm the influence of the FTO layer on the NiCrAl alloy foam, we investigated the structural, chemical, and
morphological properties and chemical resistance by using USPD to adjust the FTO coating time (12, 18, and 24 min). As a
result, when an FTO layer was coated for 24 min on NiCrAl alloy foam, it was found to have an enhanced chemical resistance
compared to those of the other samples. This improvement in the chemical resistance of using USPD NiAICr alloy foam can
be the result of the existence of an FTO layer, which can act as a protection layer between the NiAICr alloy foam and the
electrolyte and also the result of the increased thickness of the FTO layer, which enhances the diffusion length of the metal ion.
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Z9F 2 RS o183t NiCrAl &
CH,;+ H,0 <> CO + 3H,
o] SMR ¥F2-2 600 °C - 800 °C2] 3729
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AAA £ 5ol Pgel ek Fu) AAA wYe

ALO;, 710, ¥ La,0; 53 722 Algte] 2o vt
NE FujE GAsto] dkg AA S FTHAT = AFe

2 A FFAeE AREEA Tk SIAIRE Al Al A
A A &L FZF7(thermal shock)ol] w]$- FH kst I
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oA AR kslaE T FAS A AA U

Ol 30 ] i

o

o

H

m 2o

to [ ofy

M
{0

b N

T g S o83kl NiCrAl = Fo B4 &=
¥ 4] AFs}E(fluorine-doped tin oxide, FTO)E &=
Watehd g Al A BALEXA]

ol
o

o £ @
o Hr
2 g
e
and r_lE
:?L_’/
¥
rlo
=
™
ol

o
ek

RaRTIEY
:

[

i

o

N
b
i)
iy
rO
o
O:
tlo
f
Ho
o
Rl
hass
2
ol
I
oh

o
N
9,
X
K
=
i,
I"N' ﬂlﬂ EILI ﬁ
mo o) o mE O oftt Sb Ky PN o ofl ME i N

_E‘ T Y
of
o
o
of
o
>
IR
&
¥o,
fr
N
o,
ol
i
2
2

)
kD
>
re
2

A= NiCrAl &= 3
AR WL o] &ste] FTO FEL
YAZS 27} 12, 18, 4802 A

K 0 1o ® y0 O k| oM do
i
=2

N
ro{v d

3

ol
ol
3R

ME -
i
= M

2
°l

-
2
o

1S

i)
ol
o,
e
ol
-
Z
Q
>
e}
al
it
lo
=
oy
1o
oL

Er'
o
o
2
o R

ol ZRE B4 =E A jlskae] o

391

FTO7} ®¥ NiCrAl 3= &(NiCrAl alloy foam,
Alantum)S A|Z3817] 98] 253 B5 Easliys &
3ttt FTO ZEL 5x5cm?e] =719 NiCrAl g
Z flol AT 259 BF 888 FTO €9
< Sml AEEF 95 ml FFT7F SFE vl 0.68M
tin(IV) chloride pentahydrate (SnCl,-5H,O, Samchun)2}
1.19M ammonium fluoride (NH,F, Aldrich)& 3A|7+&
ot &3 A FHletth 298 te FHjE f9S %
Sy} BREo &7 T3 NiCrAl §& £ 9 FTO =
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ATk wEkA, oo} e AFS B e AEES B
=70l zFzZ} NiCrAIFTO-12, NiCrAI/FTO-18, NiCrAl/
FTO-242 152 Zolth

BE NMEEY AT Cu ko, A(L=1.5406
AyS o] &3 XA FH #A(Xray diffraction, XRD,
Rigaku Rint 2500)& AH8-8to] 26 =10-90° 3] W <]l
Al 1°min®] =2 438tk 818t A% el X-
A FAA} FAPH (X-ray photo-electron spectroscopy, XPS,
ESCALAB 250 equipped with an Al k, X-ray source)
< AHEEt et s 259 FE B4 A
Al WA FAPAAL Av)Z(FESEM, Hitachi S-4800)<
o]-&3}AaL, 7H7}e ke YA AR X-
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4L o] g3t on, A7F Hy 2 HIF Ak 7+
12V 2 10,0002% 7A435ke] AAsge}h 3k A=)
Wsled S Ao s FA8] flate] AAG-AF =

3 Fo) Aol TP RS FEAPSmn}

=] o
T}‘\—-l]t‘

MZEO

Hn=a3=

it o zQ

N

i



392 AEQ - vy -

21 7](Inductively Coupled Plasma spectroscopy, Agilent
Technologies 720 ICP-OES)E Al&-3to] 478313t}
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Fig. 1= NiCrAl 3= %, NiCrAlI/FTO-12, NiCrAl/
FTO-18 @ NiCrAl/FTO-24¢] X-A4 34 i8S HojE
th BE AZE5L FEFOF 438° 51.6° L 75.2°9
20 #tollA 34 e Eo] YER™, o= NiCrAl =
ol dgsie AN U TEE ZE= NizAl “d(body-
centered cubic, space group Im3m [229], JCPDS card
No. 50-1265)2] (112), (004) 2 (220)Ho)| afjF3Hc}td ==
&k NiCrAIFTO-12, NiCrAI/FTO-18 2 NiCrAIFTO-24
o Af+ 265° 338" % 37.8° 20 oA FHH<
3 e Eo] Yelit) ol FEIY X2 2= Sn0,
(tetragonal rutile structure, space group P4,/mnm [136],
JCPDS No. 77-0447)2] (110), (101) 2 (200)H] 33
gt} 53] o]yt A HHES &4 Sn0,0l Hls|
~0.08°¢] w2 ZtEolA yEhd 2108, o] RHo] &
F (0.133 nm)7} SnO,ZAAt2] O (0.132 nm)S x| $3}<]
€ FTO EAIE 9wl T3 Fig. 1(b)ollA]
AR %o] FTO9| ¥ Al7te] 7145 FTO (110)
o] 38 A=rt AR F7¥sk=dl, o= NiCrAl 3=
Qo ZHE FTO ZEZF| T4 F7il w2 3=
chE )

NiCrAl §& £ 9l FTO Z¥Z9] =0l &
4 A3 FEE gRlsk] S8l A 28 24 A

= A

> 8

A8kt Fig. 2+ FTO ¥ ANICrAl §F &) ¥
(NiCrAI/FTO-24) A2l tgh XA 3R} £33 23 E
HE HoFEth BE 2HEYE] AFPNUA|= C 1s
(284.5 eV)Z ol&3ate] HASIATE Fig. 2(a)ellA] HoA|
£ NiCrAl &5 Z¢] Ni 2psyn (~852.4, ~854.0, ~860.0

Fig. 2. XPS spectra of (a) Ni 2p, (b) Cr 2p, and (c) Al 2p obtained
from NiCrAl alloy foam and (d) Ni 2p, (e) Cr 2p, (f) Al 2p, and
(g) Sn 3d obtained from NiCrAl/FTO-24.

~879.6 V) =HERLS ZHzt ] 9] ¥A 2 EEH
=], o]+ ZFzZF Ni(0), Ni(I), Ni(Ill) A= 2 Ni(ID)
deel 914 B35 oueth® Cr 2p 2HE (Fig

2 ~861.3eV) ¥ Ni 2p, (~870.0, ~871.5, ~873.5 2(b)e]l A= Cr 2psp (~574.1eV 2 ~576.3eV)9} Cr
(a) NiCrAlIFTO-24 (b) E FTO (110)
‘; NIiCrAlIFTO-18 ‘;
s A . s
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Fig. 1. (a) XRD pattern obtained from NiCrAl alloy foam, NiCrAlI/FTO-12, NiCrAl/FTO-18, and NiCrAI/FTO-24. (b) the detailed XRD

pattern of the FTO (110).
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Fig. 3. (a-d) low-magnification and (e-h) high-magnification FESEM images of NiCrAl alloys foam, NiCrAl/FTO-12, NiCrAl/FTO-18, and

NiCrAl/FTO-24.

Fig. 4. SEM-EDS results obtained from (a) NiCrAl alloy foam, (b) NiCrAlI/FTO-12, (c) NiCrAl/FTO-18, and (d) NiCrAl/FTO-24.

2p1n (~583.5 2 ~586.0eV)7} Ztzt T Ao HIAER
L ETh ol 7t F5 Crél Cr(0) AEié Cr059]
Cr(Ill) AEiS omaeh!? w3k Al 2p 2T EH(Fig.
2(c)2 A= F5 AlY Al0) A (=722 eV)9H ALO;
o Al AE) (~743eV)E YERE F 79 Y3z
%LHHEV‘” b NiCrAl 33 52 dAdoz 34
Ni, Cr & AleE FAHo] 3lom, F7]|9] ¥Fo& &
He *@}H FEH 2 EAskE A4S ¢ 4 Ak FTOZF
8 NiCrAl = &9 49+ Figs. 2(d-HollA] 2o
A 50| Ni 2p, Cr 2p ¥ Ni 2p °l s|Gsl= FJAE9]
UelA] et 2ol bke] FTOZF Z® ¥ NiCrAl &
= FoIA= Sn 3dd ke 2 E-H] YeRH, Sn

3dsp, 2 Sn 3d;p°lA Sn-O (~486.6 H ~495.1eV) I
Sn-F (~487.7 2 ~496.3eV) HE & YER & FIE0]
FAl R, o]y st A= SnO, ARl 07} F=
Z8tE FTO Z¥3°] NiCrAl &= & 9o AxHe
2 IAHATS FAINA Fk

Fig. 32 NiCrAl ¢ &, NiCrAlI/FTO-12, NiCrAl/
FTO-18 ¥ NiCrAI/FTO-249] FARIAIEMA o|n|A] &
HolZth NiCrAl &5 E(Fig. 3(a))S NiCrAl QA7)
A&H o= AZAHY 63.2-71.3 pm aﬁ o 7} ujzal
W FZE 7R Yk FTOZF L8 E F(Figs. 3(b-
d)dl= 71¥ NiClAl &= &3 FARF 38 12
oFH, o] ZZT HE o]8st N1CrA1
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Table 1. Results from elemental analysis(SEM-EDS) of NiCrAl alloy form, NiCrAl/FTO-12, NiCrAl/FTO-18, NiCrAl/FTO-24.

Elements NiCrAl alloy foam NiCrAl/FTO-12 NiCrAl/FTO-18 NiCrAl/FTO-24
Ni (at%) 62.90 35.11 28.9 10.49
Cr (at%) 18.56 10.15 8.29 3.05
Al (at%) 12.08 6.94 5.19 2.01
O (at%) 6.46 35.26 40.44 59.21
F (at%) - 0.61 0.84 1.25
Sn (at%) - 11.93 16.34 23.99
Total 100 100 100 100
= & 9 FTO A®Zo] #dsk FAEUSS o = F AEES Fo Sndll dldste daEo] F7HHL
njgith, o]y g FTO RZE39 =942 NiCrAl ¢ 3 = EAlste 2& g 4 Atk H3g Table 19] B
A Atole] AFA g 518f wkg-S WAst] F4 o] A= AAH FTO Z¥W AlZre] F71ghel] mwet NiCrAl
29 F43% $28 WX E 9F8E FHY F A FF Fo 94 dEe Ha Aasks Wbl F9 sn
Tgk FTOZ7F 29 ¥ NiCIAl $h& & AEE9] A4S 9 A& d&F2 JA F7leke ¢S BATHh o=
NiCrAVFTO-12¢] 79 63.8-72.2 um, NiCrAIFTO-18¢]  FTO =¥ A|7Fe] Z7}2 NiCrAl &5 & o] Zg¥
7% 64.4-72.8 um, NiCrAIFTO-242] 73%- 65.0-73.8 um  FTO =9 77} 713 A2 dAdEth, ol whs)
2 23"} o]2 & FTO 28 Al7te] S71d,E  FTO ¥ A7H gl = E AZ9) NiCrAl &3 &3
NiCrAl §= & 9 EAsl= FTO F9 FZNICrAll  FTO Z®39 94 grle Tda fAI%s BoE
FTO-129] 7% 0.3-0.5 um, NiCrAI/FTO-182] 74-%- 0.6- th Wby FARAEn A 2 XA B3 24 Axes
0.8 um, NiCrAI/FTO-24¢] 739~ 0.9-1.1 pm)7} A3 & 253 5 GEHE S3IFTO7 29 ¥ NiCrAl &
1S & 7 Ak oldd Adte & omAA 7 Fo AFAQ AXRE HAFH, 53] FTO I¥ Al
OS5 28] YeUA "k Fig. 3(e)9] NiCrAl 3= 7ol wek NiCrAl 35 & 9ol Z"¥ ¥ FTO &9 7
F2 st ¥ A4S 7K e wbdel FToZF 2 ZA7F A A= ASS IAA =)
HE NiCrAl 5 & AZE(Figs. 3(fh)S Y2 o] 2 dAFolM e MESS WSS Brtehr] flst
ME AZE ads 21 F4E HoF 53] FTO0 AAY-AFT 388 &8stk AN/ SHe =
7F ZHE NiCrAl &5 & AZoA 1S A= o oA HrE & A 54 7t Bol 2 AHEH
=479 2717} NiCrAIFTO-129] 739~ 82.2-115.0nm, & WHOR, 34 Ao A ArkEls gt of
NiCrAI/FTO-182] 73-%- 180.8-253.5 nm, NiCrAI/FTO-24 3 HAFE =43lo] Hafd ] SAEZ] A4, A
o] 79 298.4-406.1 nmE FTO =¥ A|7}to] S71d+sE 38kl vkg 59 #718l8Hs vk ¥ el 249
A2} Z71A Btk ol FTO ¥ Agte] S7istel]  oth® mehy AR SHUS Sa Axd A
w2l FTO 274 Aol X8 2342 o3 22 v o g AS QA7iste] Ad718e g 2zl
28 Bl o] o] FoA A Hh? T Hafd =2 59 A5 AFHA &S f=4
otZek=nt #2417 (Inductively coupled plasma spectro-
SnCl,+ 0, + F,— FTO (SnO»:F) +2ClL, T meter, ICP)E A}&8) ¥ E-45le] WZE0] U)5}sHy
S 7P o2 BT Table 2= A7)348F whe &
w2k FTO AA 3712 S7H= NiCrAl &5 £ 9 2E AZE52 Asd] digk ICP 4 4342 HoE
of ZY¥E FTO ZWZ°] 74 5715 S¥3 sk= 24 ok NiCrAl &5 &9 49 Ni, Cr, Al Aol 7+
FolH, o]z FEole] MHATIE S7MIA NiCrAl &
= Fo Wshd s FxxE + 9)\1:]'-21) Table 2. ICP data obtained from NiCrAl alloy form, NiCrAl/FTO-
Fig. 45 =& AZ o] XA B3 BA AyE BoF 12, NiCrAI/FTO-18, and NiCrAl/FTO-24.
t}. NiCrAl 3+ & 74 942 Ni, Cr, Al, @ O7} Samples Ni(ppm) Cr(ppm) Al(ppm)
FEA BEEO Jom AR dies 24 62.9%, 18.6 NiCrAl alloy foam 528.7 260.6 355
%, 12.1% 2 6.5 %= YESTE NiCrAl = & 349 NiCrAlI/FTO-12 466.0 225.0 32.4
o] BA4E 0 YAE NiCrAl 32 Zo| 7] o Ak3} NiCrAl/FTO-18 4477 217.9 304
o] PAE Zoz AAFEh FTO7F Y% NiCrAl & NiCrAl/FTO-24 432.0 205.3 29.0
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718}et W& lEh??H Aad HZ NiCrAl 5 F5 T
3kl = Ni, Cr, AVdEol] thd &€ et} 2
of Wk N1CrAl/FTO-12, NiCrAI/FTO-18 % NiCrAl/
FTO-242] 739 Ni®] 466.0 ppm, 447.7 ppm, 432.0 ppm,
Cro] 225.0 ppm, 217.9 ppm, 205.3 ppm, Al®] 32.4 ppm,
30.4 ppm, 29.0 ppm o2 YER}ET], o]& NiCrAl &
= ol Z"E FTO T2 FA7F S71tel whet s
AUz EEHe AEEY el Jx Aiske As ¢
o3t wEb NiCrAVFTO-247F S+ Ni, Cr 2 Al
&2 HolH, o] W] S7t= FTO IHY T
| NiCrAl &= & F¥olA dajdzte] 2542l 3}
& WS WAk BeFo® A8, a5 Tt
| FAel me 5 A kA St ola) of
71| B = JJrEPEJD}z” wetr 2Eu B e
S o] FTO Z®S2 NiCrAl ¥+ #¢] Wstshgd
kel

o

S op71e 4= glo] SMR FHl AMEEE ) A
A A 2] w Q] Fro] F Aol dkE)
4.4 £

2 Arelde 259 £F RS ol8sle] FTO
7t QE}H NiCrAl 9= #2& A=zt FTO 295
of W NiCrAl &= 9 WatedS selstr] S8l
Z50 B GRS o8¢ FTO 28 AlTHS 12%
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FTO-24)0& Ao, 259 7237, 3lsky 24 2
wslstd 71 sttt NiCrAl $Ha & FTOS]
S F FTO YieZddol M= 4" vjedh v 9
st em, FTOS] A8 Alzto] F7iste] wheh
A7 LA F7rskak. gk et
=38 FTO7} Z¥E NiCrAl $H& Z9| A
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E}Mr/}_ ]L §}€ﬂ-x4 o]-;g/go] 01\5]— FTO
1242 NiCrAl = 59 Z3HAA 818k ¥kg
H3Zo7 ALET, FTO ZHZ T4
of W& F&ol2e S it Aol o5 &&
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