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Abstract — In this study, the direct amination of ethanol was performed over impregnated Ni on SiO,-Al,0; mixed
oxide catalysts prepared by varying Si/(Si + Al) molar ratio to 30 mol%. To characterize the physico-chemical properties
of the catalysts used, X-ray diffraction (XRD), N,-physisorption, temperature-programmed desorption of iso-propyl
alcohol (IPA-TPD), temperature-programmed desorption of ethanol (EtOH-TPD), temperature-programmed reduction
with H, (H,-TPR), H,-chemisorption and transmission electron microscopy (TEM) were used. The acidic property was
continuously increased until Si/(Si+ Al) =30 mol% in SiO,-Al,0; mixed oxides used. The dispersion of Ni metal and
surface area, acid characteristics of the supported Ni catalyst have a complex effect on the catalytic reaction activity. The
low reduction temperature of nickel oxide and acidic properties were beneficial to the formation of acetonitrile. In terms
of conversion of ethanol, Ni/SiO,-Al,O; catalyst with a molar ratio of 10 mol% Si/(Si+Al) showed the highest activity
and a volcanic curve based on it. The tendency of results were consistent in the metal dispersion and catalytic activity.
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Fig. 1. XRD patterns of (a) Si-Al oxide support calcined at 600 °C for 6 h, (b) 10 wt% Ni/SA oxide catalysts with different molar ratio of Si/
(Si+Al) calcined at 500 °C for 2 h and (C) obtained after 14 h amination of ethanol reaction at standard conditions; [1: y-ALO; (29-
0063), l: NiO (47-1049), @: Ni (04-0850) and A: NiALO, (10-0339).
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Fig. 2. N, adsorption-desorption isotherms of SA oxide support with different molar ratio of Si/(Si + Al) calcined at 600 °C for 6 h. Inset cor-
responds the pore size distribution using BJH equation calculated from desorption branch.
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Fig. 3. N, adsorption-desorption isotherms of 10 wt% Ni/SA oxide catalysts with different molar ratios of Si/(Si + Al) calcined at 500 °C for
2 h. Inset corresponds the pore size distribution calculated by BJH desorption branch.
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Table 1. Physical properties of SA support and Ni/xSA catalysts with different molar ratios of x = Si/(Si + Al)

N,-sorption® XRD TEM TEM-EDS H,-chemisorption

Sample SgET D, Crystalline size Particle size Si Ni Dispersion  Metallic surface
(m*/g) (cmf/g) (nm) NiO’(nm)  Ni®(nm) (nm) (mol%)  (mol%) (%)* area (nm?/g)

Ni/ALO,  174(221)  0.432(0.517) 9.4(9.5) - - 5 0 12 4.06 2.71
Ni/5SA 258 (306)  0.382(0.476) 5.3(5.3) - 4.7 5.6 8 13 4.61 3.07
Ni/10SA  265(337) 0.539(0.674) 7.0(7.1) 7.7 7.1 82 10 11 4.72 3.14
Ni/I5SA  270(358)  0.547(0.692) 6.5(6.7) 9.9 7.5 - - - 3.30 2.20
Ni/20SA 268 (370)  0.575(0.693) 6.5(6.7) 10.4 7.7 - - - 3.27 2.18
Ni/30SA 264 (381)  0.581(0.701) 7.5(6.6) 10.8 10.2 11 31 12 1.32 0.88

38y for surface area (m*/g), V, for total pore volume (cm*/g) measured at P/P, = 0.05-0.2 and D, for average pore diameter (nm) of catalysts was evaluated
at the maximum of pore size distribution calculated by the Barrett-Joyner-Halenda (BJH) method from desorption branch. Total pore volume was measured at

P/Py=0.99. The values of parenthesis are those of support.

bParticle size of NiO the calcined catalyst calculated by Scherrer equation using a characteristic peak of NiO at 2 theta = 43.4° (200) from Figure 1.
“Particle size of Ni metal of the used catalyst obtained after 14 h ethanol amination reaction was calculated by Scherrer equation using a characteristic peak of
Ni at 2 theta =43.2° (111) from Figure 1.
d4Dispersion (%) = surface Ni (mmol/g) / total Ni (mmol/g) x 100
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Table 2. H,-TPR deconvolution of 10 wt% Ni/xSA catalysts calcined at 500 °C for 2 h

Peak temperature (°C), (relative proportion, %)

Catalyst o B v 5 .
Ni/AL O, - 533 (58) 632 (27) 712 (5) 758 (9)
Ni/5SA - 527 (55) 628 (40) 712 (5) -
Ni/10SA 396 (2) 516 (53) 628 (35) 698 (10) -
Ni/15SA 356 (4) 507 (62) 621 (28) 693 (5) -
Ni/20SA 350 (4) 507 (57) 608 (32) 682 (8) -
Ni/30SA 357(7) 485 (47) 571 (40) 668 (5) -

EtOH-TPD &5 53l Sivt @] S7haas Sk ke A
o] 3 A-g Tt FHAsto] ofjgkbg o] Eato] folatA MRS
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Fig. 7. TEM images of 10 wt% Ni/xSA oxide catalysts (x = Si/(Si + Al) mol%) synthesized by co-precipitation. All sample was calcined at

500 °C for 2 h. Inset represents the particle size distribution.
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Fig. 8. The isothermal conversion and selectivity in the amination of ethanol over Ni/xSA with different Si/(Si + Al) ratios. Reaction condi-
tion: Py, =3 kPa, molar ratio of EtOH/NH; = 1/3 balanced with N,, reaction temperature =200 °C and WHSV = 1.85 h™\.
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Table 3. The catalytic activity test data of EtOH amination over 10 wt% Ni/xSA catalysts

Catalyst Reaction  Partial pressure (kPa) WHSV Conv. Deact. rate Selectivity (%) | Yield
Temp. (°C)  NH, EtOH ) (%)™ (%)° Amines © ACN Others 9 of ACN®
Ni/ALO4 427 (41.1) 3.6 8.9(6.2) 88.7(91.3) 32(2.5) 37.8(37.4)
Ni/5SA 40.8 (39.5) 3.0 6.0 (6.7) 93.0 (92.6) 1.1 (0.8) 37.9 (36.6)
Ni/10SA 200 9 3 1.85 50.4 (46.3) 7.7 7.3(7.0) 91.8 (91.5) 1.4 (1.5) 46.3 (42.4)
Ni/15SA 39.2 (36.3) 7.9 5.2(4.5) 94.0 (94.5) 1.2(1.1) 36.8 (34.3)
Ni/20SA 36.2(33.3) 8.2 44(3.9) 94.6 (94.6) 1.4 (1.4) 34.2(31.5)
Ni/30SA 31.9 (28.5) 10.7 3.0(2.8) 96.0 (96.5) 1.1(0.7) 30.6 (27.5)
180 10.3 (9.9) 4.1 11.5(9.9) 87.9 (88.0) 2.0(22) 9.1(8.7)
190 24.7(23.4) 5.3 8.4(7.5) 89.7 (90.6) 2.3(1.8) 222(21.2)
Ni/5SA 200 9 3 1.85 40.8 (39.5) 3.0 6.0 (6.7) 93.0 (92.6) 1.1 (0.8) 37.9 (36.6)
210 50.5 (47.3) 6.3 6.2 (5.0) 90.0 (90.9) 5.5 (4.0) 45.5(43.0)
220 75.2 (63.8) 15.1 52(4.2) 87.8(90.8) 9.5 (4.8) 66.0 (58.0)
3 45.0 (40.5) 9.0 7.0(7.3) 90.4 (90.7) 29(2.1) 40.7 (36.7)
NU5SA 200 6 3 1.85 41.0(38.9) 5.1 7.9(7.3) 91.0 (90.7) 2.0(2.1) 37.3(35.3)
9 40.8 (39.5) 3.0 6.0 (6.7) 93.0 (92.6) 1.1 (0.8) 37.9 (36.6)
12 31.9 (30.7) 38 11.0(10.3)  87.7(87.6) 25(2.1) 28.0(26.9)
2 2 1.23 55.6 (48.8) 12.2 5.8 (4.6) 90.8 (92.5) 4.0 (2.8) 50.0 (46.0)
NU5SA 200 3 3 1.85 45.0 (40.5) 9.0 7.0(7.3) 90.4 (90.7) 29(2.1) 40.7 (36.7)
4 4 2.47 36.0 (32.5) 9.8 9.4 (8.0) 88.4(89.1) 3.5(29) 32.5(29.3)
5 5 3.09 31.8(29.8) 6.2 112(9.1) 86.6 (88.1) 3.1(2.8) 30.2 (26.5)
# Conversions of ethanol were expressed at initial time and 14 h on stream in parenthesis.
® Deactivation rate (%) = (Initial conversion - conversion at 14 h)/Initial conversion x 100
¢ Amines = MEA + DEA + TEA
4Others = C,H, + C,H,
“Yield of ACN was expressed as the conversion of ethanol x selectivity of ACN
The values in parenthesis means those obtained 14 h on stream.
Ethanol Acetaldehyde imine Monoethylamine
-H o +NH H.C +
m,c”” “OH — )J\ N i ’ _\\NH > BC” NH,
H,C H H , - I'120
-H20 + C2H§0H - H2 2H, - H20 + C2HSOH
-H2o
Ethylene o Diethylether Acetonitrile Diethylamine
— PPN H
H,C=CH, H,C o CH, H3C—\\\
X BN
S
+H, - 1—120 + C2HSOH
Ethane Triethylamine
H,C—CH,

Scheme 3. Possible reaction pathways in the EtOH amination over Ni/SA oxide catalyst.
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