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Abstract — The effect of preparation method on the catalytic activities of the Ni/Al,O; catalysts on steam reform-
ing of ethylene glycol was investigated. The catalysts were prepared with various preparation methods such as an
incipient wetness impregnation, wet impregnation, and coprecipitation method. In the case of coprecipitation method,
various precipitants such as KOH, K,CO;, and NH,OH were compared. The prepared catalysts were characterized by
using N, physisorption, inductively coupled plasma-atomic emission spectroscopy, X-ray diffraction, temperature-
programmed reduction, pulsed H, chemisorption, temperature-programmed oxidation, scanning electron microscopy,
and thermogravimetric analysis. Among the catalysts reduced at 773 K, the Ni/Al,O; catalyst prepared by a coprecipita-
tion with KOH or K,CO; as precipitants showed the best catalytic performance. The preparation method aftected the
particle size of Ni, reducibility of nickel oxides, catalytic performance (activity and stability), and types of coke
formed during the reaction. The Ni/Al,O; catalyst prepared by a coprecipitation with KOH showed the increasing
catalytic activity with an increase in the reduction temperature from 773 to 1173 K because of an increase in the
reduction degree of Ni oxide species even though the particle size of Ni increased with increasing reduction tem-
perature.
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Fig. 1. Nitrogen adsorption and desorption isotherms and pore size distributions of Ni/Al,O; catalysts reduced at 773 K such as (a) Ni/AL,O;-IW, (b)
Ni/AlL,O;-IM, (c¢) Ni/Al;0;-Co-KOH, (d) Ni/Al,0;-Co-K,CO;, and (e) Ni/Al,0;-Co-NH,OH. Closed and open symbols are adsorption

and desorption isotherm, respectively.

Table 1. Physicochemical properties of the Ni/Al,O; catalysts reduced at 773 K

Method Ni content (Wt%) K content (Wt%) Sggr(m?/g) Pore volume (cm’/g) Average pore diameter (nm) Crystalline size of Ni (nm)
Ni/ALO5-IW 15.43 - 8.4x10! 1.7x1071 5.6 2.7
Ni/ALO4-IM 12.69 - 9.9x10! 1.8x10" 5.1 33

Ni/Al,0;-Co-KOH 12.01 0.03 1.7x10% 3.9x107! 7.6 n.d.
Ni/Al,05-Co-K,CO; 11.85 0.58 1.7x10% 4.8x107! 8.9 n.d.
Ni/Al,05-Co-NH,OH 11.74 - 1.7x10% 4.0x10"! 7.5 n.d.
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Fig. 2. TPR patterns of the Ni/Al,O; catalysts such as (a) Ni/Al,O5-
IW, (b) Ni/AL,O5-IM, (¢) Ni/Al,0;-Co-KOH, (d) Ni/Al,O;-
Co-K,CO;, and (e) Ni/Al,O;-Co-NH,OH.

o

ALO, (50-0741)
NiO (47-1049)

A

>

o

Intensity (a.u.)

NiALO, | ‘ |
T

10 20 30 40 50 60 70 80 90

2 0 (degree)

] A2 Wy Sl o) gk 375

by

ALO;-Co-NH,OH Fvl| it} o} & Al 535 7pA] 31 Qlt}, o] =
FTAHE AHEEte] SHlE AxE u] FR 0 E o] 25 AMShE
0] FAke} 0] & AMEEHE AR T 2 AlY S et
71&8] A7 Ak} LAIsH25].

ME o AHE AHske] B4 NiVALO; S 2] H,-TPR
AYE Fig. 20 AABIGITE BE FlE2 915~950 KellA] ehtkst
A AE Bk A2 R F2 TS ARkl Alxs
2] 79 ~620 KolA] 2h2 $192E g1 4= 9l whd
o 7 A28k Zw 9] 739 1000 K o dollA] v mS sl
AATE W& 2= AefA 9] 2T &= ALO, XX A9} 2F51A
A5 28-S 3= NiO7F NiZ 3l == Flef 7]1sht} H5 1000 K
o dollA o] 24 I T+ NiAlL0,2] A5 YeRATH25]. H-TPR
ANz 14 N 52 AT AT Fulo] Ag
ALO;9} oFsHAl A3HE Nio FEHlE AU, 33 H o= Azt %
2] Z-9- NiO9} ALO;2] 7% #+-8-0] t] “shH NiALO, BH &=
g7 AL Q= AlE gl Qi 3N o R Ax3 FliE T
Ni/ALO;-Co-K,CO, FHlli= 33H O Al Ful s 5 7P v
2EoA FFTE 7] A0 FRIFH I

Fig. 3ol #1743} 773 KellA] g1t Ni/ALO, F1=2] XRD 4
= AAEISATE 1 Fuljell A= NiO (JCPDS 47-1049)9} ALO,
(JCPDS 50-0741y7} =% 274 Fx24 Ugith 714 3 &
2 sk 0 7 A 23 Sullol A MO A 23 S E} Nio
ATz} B ZFeHA YRt 773 KellA] 3k 9dS A3 Ej o)
739 22 A 524 T o2 A28 Zl 2] -9 Ni JCPDS
04-0850)2] A 727} gRlo] EUA|RE FFH O A2 Zul 2
7445 Nig] =217} XRDZE = &Helo] ¥ %] ¢k3kt}. Scherrer 2]
AHESte] Ni 55 715 Atsl & A3 1124 33 54

5 ot

B o  ALO, (50-0741)
A NiO (47-1049)
X Ni (04-0850)

o)

Intensity (a.u.)

NiALO, Ll
T T

10 20 30 40 S50 60 70 80 90

2 0 (degree)

Fig. 3. XRD patterns of Ni/Al,O; catalysts after calcination at 873 K (A) and after reduction at 773 K (B). (a) Ni/Al,O;-1W, (b) Ni/Al,0;-1M,
(¢) Ni/ALO;-Co-KOH, (d) Ni/Al,0;-Co-K,CO;, and (¢) Ni/Al,0;-Co-NH,OH. (O) ALO; (JCPDS No.50-0741), (A) NiO (JCPDS

No.47-1049), and (x) Ni (JCPDS No.04-0850).
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Fig. 4. Nitrogen-adsorption/desorption isotherms and pore size distributions of Ni/Al,0;-Co-KOH catalysts reduced at different temperatures
such as (a) 773 K, (b) 873 K, (c¢) 973 K, (d) 1073 K, and (e) 1173 K (closed symbol: adsorption; open symbol: desorption).

Table 2. Physicochemical properties of Ni/Al,0;-Co-KOH reduced at different temperatures

Reduction temperature (K) Sper (m%/g) Pore volume (cm?/g) Average pore diameter (nm) Crystalline size of Ni (nm)
873 1.7x10% 4.0x10™ 7.7 1.8
973 1.7x10 4.0x10" 7.8 33
1073 1.5x10? 3.7%107 83 37
1173 1.2x10% 3.9x10! 11.3 5.5
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Fig. 5. X-ray diffraction (XRD) patterns of Ni/Al,0;-Co-KOH cata-
lysts calcined at 873 K (a) and subsequently reduced at different
temperatures such as 773 K (b), 873 K (¢), 973 K (d), 1073
K (e), and 1173 K (f). (O) ALO; (JCPDS No.50-0741), (A)
NiO (JCPDS No.47-1049), and (x) Ni (JCPDS No.04-0850).
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Table 3. Physicochemical properties of Ni/Al,O; catalysts reduced at 1173 K

Catalyst Sger (M?/g) Pore volume (cm®/g) Average pore diameter (nm) Crystalline size of Ni (nm)
Ni/ALO,-TW 7.3x10! 1.8x10° 7.0 11.0
Ni/Al,O,-IM 7.8x10! 1.8x10 6.6 11.0

Ni/AlLO;-Co-K,CO; 1.2x10? 4.0x10"! 10.8 49
Ni/Al,0,-Co-NH,OH 1.2x10% 3.6x10! 9.4 5.5
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Fig. 6. X-ray diffraction (XRD) patterns of Ni/Al,O; catalysts reduced
at 1173 K. (a) Ni/ALO5-IW, (b) Ni/Al,05-IM, (c) Ni/Al,05-
Co-KOH, (d) Ni/ALO;-Co-K,CO;, and (e) Ni/Al,0;-Co-NH,OH.
(O) AL O, (JCPDS 50-0741), (A) NiO (JCPDS 47-1049), (x)
Ni (JCPDS 04-0850).
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Fig. 14. SEM images of Ni/Al,O; catalysts reduced at 1173 K (A) and
after a reaction at 773 K for 4 h (B). (a) Ni/AL,O;-IW, (b) Ni/
ALO5-IM, (c¢) Ni/AL,O;-Co-KOH, (d) Ni/AL0;-Co-K,CO;,
and (e) Ni/Al,0;-Co-NH,OH. The reaction conditions are
identical with those in Fig. 12.
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Co-KOH, (d) Ni/ALO;-Co-K,CO;, and (e) Ni/AL,O;-Co-NH,OH.
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