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Abstracts Nb-doped TiO,(NTO) coated NiCrAl alloy foam for hydrogen production is prepared using ultrasonic spray
pyrolysis deposition(USPD) method. To optimize the size and distribution of NTO particles based on good physical and
chemical stability, we synthesize particles by adjusting the weight ratio of the Nb precursor solution(5 wt%, 10 wt% and 15
wt%). The morphological, chemical bonding, and structural properties of the NTO coated NiCrAl alloy foam are investigated
by X-ray diffraction(XRD), X-ray photo-electron spectroscopy(XPS), and Field-Emission Scanning Electron
Microscopy(FESEM). As a result, the samples of controlled Nb weight ratio exhibit a common diffraction pattern at ~25.3°
corresponding to the(101) plane, and have chemical bonding(O-Nb=0) at 534 eV. The NTO particles with the optimum weight
ratio of N (10 wt%) show a uniform distribution with a size of ~18.2-21.0 nm. In addition, they exhibit the highest corrosion
resistance even in the electrochemical stability estimation. As a result, the introduction of NTO coated NiCrAl alloy foam by
USPD improves the chemical stability of the NiCrAl alloy foam by protecting the direct electrochemical reaction between the
foam and the electrolyte. Thus, the optimized NTO coating can be proposed for excellent protection of NiCrAl alloy foam for
hydrocarbon-based steam methane reforming(SMR).

Key words Nb-doped TiO,, ultrasonic spray pyrolysis deposition, NiCrAl alloy foam, surface coating, steam methane
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Fig. 1. XRD data obtained (a) NiCrAl alloy foam, SNTO-NiCrAl, 10NTO-NiCrAl, and 15NTO-NiCrAl, and (b) the detailed XRD data

of the (101) peak.



sin 0=l <8 Ao)E Tio, Azt Ti*(0.61 A)2] o]
2 W B ¢ 2 o] vHES 71 NbT(0.64 A)7t
21821 7] W Folw, 3ol F7h= Nbe] =3 ¥s)
of W2 NTOYA] Z7] Z7i= ket webs, =
HE NTO2| U&= Nbe] = a ol 23 Tio,o
VAEE B ERA s e STMA FAE A
2ket7] 918k SMR FgellA 9] Fu AA)A 9] A5
< op71E & Uth

Fig. 22 58k NiCrAl alloy foam, SNTO-NiCrAl,
10NTO-NiCrAl 2 15NTO-NiCrAl & Z7A #Aa FAL
AR drge] Aulg 3 aulE o|rAE YERALE Fig
2(a)-(d)e] A& oA A HAR= ZAH MEEC
oA AAA A7 zhzE 78.1-89.2 um, 79.1-89.6 pm,
79.5-90.1 pm 2 80.2-91.3 ym& FL A LERIT}. Fig.
2(e)2] 7§ 578 NiCrAl o 2x e e e

NiCrAl®] W& zh=th 23y, Fig 2(f)-(h)el 35
NiCrAl 35 & #He| NTO YAt g€ Zlo] 3

H, o= ZZt 13.5-16.7nm, 182-21.0nm = 22.6-
67.8nme] AFA o2 Z71E A7) NTO YAS &<l
g & Qi) ol oA AHoHE TiMe] o] WHEHL H
Z o] WS 71 Nb' X3l odt = ez
e, H7F Nod A &9 FHHE St wet
NTOQAS] 7] W3}7} XRDEA] Aol A3}, >

Fig. 3(a)-(= 7% NiCrAl alloy foam, SNTO-
NiCrAl, 10NTO-NiCrAl % 15NTO-NiCrAle] X-A 3%
AR g 2 EY £49] AFdE YERH, EF C 1s
line(284.5 eV)S ©]-&-3to] BA3IATE" Fig. 3(a)e A
ZE59 AWl XA B B S ER 249 E

331

1100 nni §

Fig. 2. FESEM images from NiCrAl alloy foam, SNTO-NiCrAl, 10NTO-NiCrAl, and 15NTO-NiCrAl. (a)-(d) low-magnification images
and (e)-(h) high-magnification images.
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Fig. 3. XPS spectra data obtained of (a) XPS survey spectra of NiCrAl alloy foam, SNTO-NiCrAl, 10NTO-NiCrAl, and 15NTO-NiCrAl,
(b)-(e) O 1s high resolution XPS spectra of NiCrAl alloy foam, SNTO-NiCrAl, 10NTO-NiCrAl, and 15NTO-NiCrAl, (f) Nb 3d high
resolution XPS spectra of NiCrAl alloy foam, SNTO-NiCrAl, 10NTO-NiCrAl, and 15NTO-NiCrAl.
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Table 1. XPS peak area results(%) obtained from SNTO-NiCrAl,
10NTO-NiCrAl, and 15NTO-NiCrAl.

XPS Peak Area  -OH(%) O-Ti(%) O-Nb(%) Total(%)
SNTO-NiCrAl 17.4 77.9 47 100
10NTO-NiCrAl 17.3 75.6 7.1 100
15NTO-NiCrAl 16.4 71.9 11.7 100
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Fig. 4. SEM-EDS results obtained from (a) 10NTO-NiCrAl.

Table 2. SEM-EDS results(at %) obtained from NiCrAl alloy foam, SNTO-NiCrAl, 10NTO-NiCrAl, and 15NTO-NiCrAl.

Elements Ni(at%) Cr(at%) Al(at%) O(at%) Nb(at%) Ti(at%) Total(%)
NiCrAl alloy foam 66.2 16.1 11.2 6.5 - - 100
SNTO-NiCrAl 58.2 10.3 8.2 13.0 0.4 9.9 100
10NTO-NiCrAl 56.7 11.1 8.6 14.5 0.8 8.3 100
I15NTO-NiCrAl 56.3 13.0 7.5 133 1.6 8.3 100
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2 Tie] AES ppm T E 493} Table 39 7+F
3] Yebd 453 NiCrAl §& £ 4% Ni, Cr,
Al d&o] Z}Z} 658.4 ppm, 254.7 ppm, 51.6 ppmS =
FRIFNSH, o]& 31T A|I=HOR o|FoF 7|3}
g R3S 33l NiCrAl @& £ 7483t = N,
Cr, AVd+o] Asld W= &&¥ Aolt}. E3H NTO
FgE AMEe 4§ 712 Niel 515.7 ppm, 418.4 ppm
2 461.8 ppm, Cro] 200.6 ppm, 175.7 ppm % 183.5
ppm, Al°] 373 ppm, 302ppm % 350 ppmS=E UE}
Wtk SNTO-NiCrAl®] 7% % NiCrAl 9= &l
Hal] F7te Wi-Ad S48 JeplANE el 29
H NTOYAFe] 717} Zo} &% NiCrAl = &9
HHS BF B3I Zal] WA de] RE5e A

FHE T 10NTO-NiCrAle] 3¢ 7P @& Ni
Cr, Al9] &4 Holed, ol AV|d=E: 9 kY

o B r

-



334 z37] -

Table 3. ICP data(ppm) obtained from NiCrAl alloy foam, SNTO-
NiCrAl, I0ONTO-NiCrAl, and 15NTO-NiCrAl

Elements Ni (ppm) Cr (ppm) Al (ppm)
NiCrAl alloy foam 658.4 254.7 51.6
SNTO-NiCrAl 515.7 200.6 37.3
1O0NTO-NiCrAl 418.4 175.7 30.2
ISNTO-NiCrAl 461.8 183.5 35.0
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