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Effect of P promoter on the oxidative dehydrogenation of ethane over Ni-Al-O catalysts
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Abstract: A series of phosphorus-modified Ni-Al-O catalysts (P.-Ni-Al-O) were prepared by the one-pot hydrother-
mal method. The performance of the oxidative dehydrogenation of ethane to ethylene over series catalysts was evalu-
ated by using O, as an oxidant. The results showed that the P incorporation can not only reduce the crystallite sizes
of NiO, but also affect the interaction between Ni and Al. In the temperature range of 350-475 °C, the selectivities
towards ethylene over P-modified Ni-Al-O catalysts were higher than those over the unmodified catalyst, and the
addition of the appropriate amount of P could also improve the ethane conversion. The selectivity and yield of ethyl-
ene over the P ,5-Ni-Al-O catalyst were 61.4% and 31.9% at 475 °C, respectively. Moreover, the P-modified catalyst
showed a strong resistance to carbon deposition and remained the catalytic performance for 22 h after a continuous

reaction.
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Table 1 ODHE reaction performance of P -Ni-Al-O catalysts at 350 and 450 °C

350 °C 450 C
Sample Sel.of  Sel.of  Selof  Yieldof Sel.of  Sel.of  Selof  Yieldof
Com-t% oo coa cugw oiga ™' cHge coe e CH%
Blank — — — — — 1.0 38 96.2 0 0.04
P,-Ni-AL-0 49 76.6 26.1 0 38 36.0 63.3 36.6 0.1 22.8
Py os-Ni-ALO 48 90.5 9.5 0 43 34.4 68.5 313 0.2 23.6
Py +-Ni-ALO 5.0 83.0 170 0 42 410 67.0 33.0 0 275
Py s-Ni-ALO 36 90.0 100 0 32 27.0 75.5 24.4 0.1 204
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Fig.1

Relationship between the catalytic performance and temperature over P -Ni-Al-O catalyst: C,H, conversion (A);

C,H, selectivity (B); C,H, yield (C); Effect of reaction time on the ODHE performance over P, -Ni-Al-O catalyst

at 425 °C (D)
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Fig.2  Effect of reaction temperature on product distribution over P ;-Ni-Al-O catalyst (A); Effect of P contents on ODHE
performance over P -Ni-Al-O catalysts at 450 °C (B); ODHE performance over P, ;-Ni-Al-O catalyst at 425 °C at

different space velocities (C)
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Table 2 Physical and chemical properties of P -Ni-Al-O catalysts
Sample Specific surface Pore volume / Average pore Average crystalline
area / (m?+-g™") (em-g™) size / nm size / nm
P,-Ni-Al-O 293 1.3 12.1 34
Py s-Ni-Al-O 300 1.0 12.0 29
P, ,s-Ni-Al-O 305 1.0 11.8 23
P, ,5-Ni-Al-O 315 0.9 11.3 31

Quantity adsorbed / (cm®-g™') STP

()

0.4 0.6 0.8 1.0
Relative pressure (p / p,)

0.2

Incremental pore volume / (cm?®+g™)

B)

P, -Ni-Al-0

20
Pore width / nm

P,-Ni-AL-O

40

K4 P-Ni-Al-O fEALTRIAY N, RE-BE BT 45 2k (A)FIFLAR 23 (B)
Fig.4 N, adsorption-desorption isotherms (A) and pore size distributions (B) of P -Ni-Al-O catalysts
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Table 3 XPS analysis of P -Ni-Al-O catalysts
Catalyst Ni%Pan oL
Main peak / eV~ Sat. | peak/eV ~ Sat. Il peak/eV I 0, 0y 0,/0, ratio
P,-Ni-Al-O 856.0 861.9 867.8 0.99 530.4 531.9 2.0
P, s-Ni-Al-O 855.8 861.8 867.4 0.89 530.4 531.9 1.9
P, s-Ni-Al-O 855.7 861.7 867.4 0.95 530.2 531.7 2.4
P, ,s-Ni-Al-O 856.0 861.9 867.2 0.85 530.9 5324 0.6

*Calculated by XPS analysis.
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P,-Ni-Al-O and P, ,s-Ni-Al-O catalysts after the reaction
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