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Preparation of Zr-Promoted Nano- NiO Catalys and Its Catalytic
Perfor mance for Oxidative Dehydrogenation
of Ethaneto Ethylene

CAO Xiaodong, CHEN Tong ~, WU Ying, ZHANG Jinfen, WENG Weizheng, WAN Huilin ~

( State Key L aboratory of Physical Chemistry for the Solid Surfaces, Institute of Physical Chemistry,
Department of Chemistry, Xiamen University, Xiamen 361005, Fujian, China)

Abstract : The nano-ZrO,-NiO catdyst was prepared by the urea homogeneous precipitation method, and its
catalytic performance for oxidative dehydrogenation of ethane to ethylene was studied. The highest C,H, yield
over pure nano-NiO was 21. 7 % under the optimized reaction conditions, while ZrO,;NiO catdyst not only
showed higher sdlectivity for C;Hy , but a9 improved the cleavage resstance. Among the samples, 15 %ZrOy-
NiO exhibited the best performance in C,Hg oxidative dehydrogenation to C,H,. The highest yield was 42. 2 %
at 410  with C;Hes converdon of 61.5 % and C,H, sHectivity of 68. 6 %. In addition, the catays 15 %ZrO,-
NiO a9 showed high stability without agglomeration of nano-particles. The nano-NiO dze decreased ater dop-
ing with Zr and the average sze of ZrO,-NiO was about 5 7 nm, while ZrO, turned to be amorphous. After
doping with Zr, the amount of oxygen species desorbed at higher temperature increased , while it decreased at
lower temperature. The ZrO>NiO catalyst was hard to be reduced than pure nano-NiO.

Key words: ethane, oxidative dehydrogenation , ethylene, zirconium-promoted nano-nickel oxide catalyst , urea
homogeneous precipitation method
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Fig2 Catdytic performance of nano-ZrOs NiO catdyst with different Zr contentsfor the oxidative hydrogenation of ethane (ODE)
() CyHgoonverdon, (b) CyH4 SHectivity, () CoHgyied; (1) 0, (2) 5%, (3) 10%, (4) 15%, (5) 20%
(Reaction conditions: V (CoHe) V (02) V(Ny) =1 1 4, GHSV =30L/ (g-h) , qv(CHe+0Oz) =8.3 ml/ min, gy (N2 =33.3 m/ min)
2.2.2 NiO 0.5 ,
1 360 )
1 ’ ’ y 1
1 15 %2rO7 NiO 410 ; 42.2%.
Table 1 Efect of CoHe/ O ratio on cataytic performance ,325 NiO
f 15 %ZrOz NiO for ODE
ki ALl AL 44.1%  49.1%,
V(GHs) B8 X(CHe) X(0) S(C2Ha) Y (CoHa)
V (0) % % % % 21.7%.
2.0 300 6.1 13.6 81.3 4.9 2.2.3 NiO
22.4 . 1.2 18.2 .
350 05 8 8 15 %ZrOx-NiO
400 37.5 83.8 81.6 30.6
410 38.3 86.3 81.2 31.1 , , 420
1.0 300 8.5 10.2 76.4 6.5 24h 58.3 % 50.0 %,
350 31.2 40. 2 73.8 23.1
70.5 % 75.1%, 41.3%
400 59.8 81.6 69.3 41.5
40 615 88. 4 68.6 42.2 37.5%. ,
0.5 300 10.5 7.3 72.0 7.6 _ 162
350 45.5 37.4 65.9 30.0
: — 141 m? g. 4 ,
Reaction conditions: m(cat) =0.1 g, m(quartz sand) =0.2 g,
av(N2) =30 mi/ min, gy (CzHgs+02) =10 ml/ min. XRD
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FHg4 XRD patternsof nano-15 %ZrO;NiO catdyst
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2.3 Zr NiO

5 Zr NiO
O TPD-MS . ,Z2r0O,

NiO )

Fg5 Oz TPD-MScurvesof ZrO;NiO with different Zr contents
(1) 0, (2) 5%, (3) 10%, (4) 15%, (5) 20%, (6) 100 %

Or-TPD-MS
, 2. ., NiO

Zr NiO ,
= T
w(zrn<15% R Py
; w(zr) >15% PR Py
15 %ZrO,-NiO ,
NiO ;
NiO 20 . ,15 %
ZrO,-NiO
NiO  NiON -Al;03 )

[14 ,15]
Zr NiO
2 Zr NiO Oy TPD-MS
Table2 Oz TPD-MSresutsof nano-ZrOx NiO catdysts
0 o 0 Relative area (%
Catalyst o oo (%)
P Py P Py R P
NiO 234 344 353 465 1.00 1.00

5%ZrOsNiO 269 346 348 444 0.23 1.29
10 %ZrOzNiO 271 343 350 445 0.25 1.32
15%ZrOzNi0O 272 343 352 443 0.40 2.00
20 %ZrOs-NiO 272 343 352 440 0.15 1.29

8 y— Start temperature 0 o Top temperature, PL — Lower
temperature peak , Py~ Higher temperature peak
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ZrO, , zrtt 0> 3 zr NIO H-TPR
Ni2+ Table3 Hz TPR resultsof ZrOxNiO catdys with
' different Zr contents
! Cetalvt 6y 0 o/ 04q Rdative area (%)
; 2rO, NiO , y P Py P P
NiO 260 300 326 357 1.00 1.00
5 > 5 %ZrO>NiO 280 321 361 445 0.21 1. 36
! 10 %ZrOsNiO 278 317 355 445 0.26 1.49
s 15 %ZrOxNiO 278 321 364 457 0.31 1.69
5 15 %ZrO,NiO 20 %ZrO; NiO 278 373 499 >600 0.29 2.90
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