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ABSTRACT

Ethane is the secondary main composition of nature gas, and also the main 

composition of refinery gas and the product in OCM process .As an alternation

routine from pyrolysis ,the catalytic conversion of ethane to ethene(ODE) is a more 

superior way for the effective utilization of the plentiful ethane routine, because of the 

higher ethane selectivities and the low reaction temperature associated with the

catalytic process, so ODE is more beneficial than present industrial processes of

naphtha catalytic cracking and ethane catalytic dehydrogenation both in economy and 

engineering.

    ODE reaction has been studied since 1970s, the  reported ODE catalyst were 
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mainly the Mo-V transition metal composition oxide system by Thorsteinson et al. 

And the Li+-MgO and Li+-Cl--MgO system by lunsford et.al, Although comparatively 

better results were obtained over catalysts, there will exist many actual problems 

associated with these systems, such as low ethene selectivity, low ethene yield and 

deactivate et,al. seeking for good ODE catalysts still a challenge for catalysts.

In this dissertation, we have developed two catalyst series, namely rare earth 

orthovanadates(REVO4), SrF2 and SrCl2 promoted rare earth oxide (RE2O3) catalysts 

which show a good performance. At the same time, the specific surface, bulk 

composition and structure ,surface composition and reducibility over these catalysts 

are characterized by some experimental methods such as BET XRD XPS FI-IR

Raman ESR and H2-TPR .Surface active oxygen species over SrX2/RE2O3(X=F, Cl) 

catalysts are characterized by in situ Raman and FT-Raman. The principle results are 

summarized as follow:

1. Rare earth orthovanadate (REVO4) catalysts.

  In this work, Rare earth orthovanadates were prepared by the citrate method

(REVO4(c)) and the nitrate method (REVO4(n)).The results of catalytic performance 

evaluation of the catalysts showed that REVO4(c) was a kind of the low temperature 

catalysts for ODE reaction effectively. The catalytic performance of REVO4(c) were 

much better than that of REVO4(n), which had the higher reaction temperature and 

high ethene conversion with rather with low ethene selectivity under the conditions of 

ethane/oxygen =2/1, GHSV=126000h-1 and T= ignite point temperature of catalysts. 

There was no apparent relationship between the catalysts performance and ignite point 

temperature and the element period of rare earth metal, the lowest ignite point

temperature was 340  of YVO4(c) catalyst. HoVO4(c) showed best ODE catalytic 

performance, its ethane conversion and ethene selectivity was 65.32% and 60.61% 

respectively.

The results of XRD showed LaVO4 was monoclinic, the other rare earth

orthoranadates were tetragonal among REVO4 prepared by the citrate method and the 
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nitrate method. Compared with the nitrate method, the higher purity REVO4 could be 

prepared by the citrate method. The results of FT-IR and Raman investigation show 

that more V2O5 was found in the catalysts prepared by the nitrate method than those 

prepared by the citrate method. 

The surface areas of the catalysts were measured by BET at 25 . The results 

indicated that REVO4(c) had moderate surface areas. It was found that the surface 

areas were related to ignite reaction temperature. Ignite reaction temperature were 

decreased with the increasing surface area. For the REVO4(n), small surface areas had 

led to high ignite reaction temperature.

TEM photographs show that the particles of catalysts prepared by citrate method 

locate compelled, and their radii are uniform. While for catalysts prepared by nitrate 

method, the particles locate loose and their radii vary greatly.

The results of TPR experiment show that there are two reduction peaks. Low 

temperature reduction peak is belong to the surface vanadia species, and high

temperature peak is the vanadia species in the bulk. It was found that the starting 

temperature of TPR were related to the ignite reaction temperature.

2.SrF2 and SrCl2 promoted rare earth oxide catalysts

Pure rare earth oxides show a moderate catalytic acticity and ethene selectivity 

for ODE under the conditions of C2H6/O2=2 and GHSV=36000h-1. When a certain 

amount of SrF2 and SrCl2 which show almost no activity for ODE reaction, was added 

to the RE2O3 catalysts, ethane conversion and ethene selectivity were found to

improve apparently at high temperature under the same conditions, leading to a 

significant increase in ethene yields. These results indicate that the addition of SrF2

and SrCl2 plays a significant promoting role for ODE reaction with these RE2O3 as host 

catalysts. Compared with SrF2, SrCl2 was the better dopant. In this work, the effect of 

SrF2 and SrCl2 content, reaction temperature and GHSV on catalytic performance 

were also studied. The results indicated the best ethene yield would be obtained under 

an appropriate condition. The catalytic performance of the SrX2(X=F, Cl) promoted
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RE 2O3 catalytic with respect to time on stream showed that almost no change in 

catalytic performance were observed on the 20%SrF2/Nd2O3. While over the

20%SrCl2/Nd2O3, ethene selectivity and yields were found to decrease during a period 

of 24h on stream. This phenomenon may be related to the loss of F- and Cl-from the 

catalysts during the reactions.

The XRD measurement indicated cubic SrF2 and RE2O3 was detected in the fresh 

SrF2-promoted RE2O3, no new phase were detected. When the SrF2/RE2O3 catalysts 

were exposed to C2H6/O2(2/1) at 600  for 2h, orthorhombic SrCO3 resulting from 

the reaction between SrO and CO2(by-product of ODE reaction) were detected in the 

20%SrF2/RE2O3 (RE = La, Nd, Sm). XRD also detected the formation of rhombohedral 

SmOF in the used 20%SrF2/Sm2O3, no new phase formation were detected in the used 

SrF2-promoted La2O3, Nd2O3, Eu2O3, Gd2O3 and Er2O3. These results suggest that the 

extent of F- and O2- exchange in the SrF2/RE2O3 catalysts are in the order Nd, La, 

Sm>Eu, Gd, Er, which is in agreement with the decrease in ethane conversion

promotion. The new phase such as tetragonal LaOCl and NdOCl formed in the fresh 

SrCl2/La2O3 and SrCl2/Nd2O3. For the other SrCl2/ RE 2O3 catalysts, XRD only 

detected cubic SrCl2 and RE 2O3 (RE = Sm, Eu, Er). When the SrCl2/RE2O3 catalysts 

were exposed to C2H6/O2(2/1) at 600  for 2h, orthorhombic SrCO3 were detected in 

the 20%SrCl2/RE2O3 (RE = La, Nd). No new phase formation were detected in the used 

SrF2-promoted Sm2O3, Eu2O3, Gd2O3 and Er2O3. These results suggest that the extent 

of Cl- and O2- exchange in the SrCl2/RE2O3 catalysts are in the order Nd, La, >Sm>Eu, 

Gd, Er, which is in agreement with the decrease in ethane conversion and yield 

promotion. Over the same RE2O3, more cubic SrF2 was detected on the SrF2/ RE2O3,

while little or no cubic SrCl2 were found on the SrCl2/ RE2O3 which showed a high 

catalytic activity and ethene selectivity. This result showed that the dispersion of Cl-

on the SrCl2/ RE2O3 catalysts is better than that of F- on the SrF2/ RE2O3, which lead to 

the extent of Cl- and O2- exchange is bigger than that of F- and O2-. So more anionic 

vacancies were formed on the SrCl2/ RE2O3 than SrF2/ RE2O3.

The ionic exchange between O2- and F- or Cl- in the SrX2/RE2O3(X=F,
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Cl)catalysts may lead to the formation of anionic vacancies and other defects. The 

present of anionic vacancies in the above catalyst will be favorable to the adsorption 

and activation of O2 under the reaction condition.

The BET measurement showed that all the specific surface areas of the SrF2 and 

SrCl2-promoted RE2O3 catalysts were small. Associated with the catalytic performance 

evaluation results, for the same series catalyst, higher specific surface area is

favorable for the ethane conversion. There was no apparent relationship between

specific surface area and ethene selectivity.

The electron binding energies and surface composition of the element on the 

catalysts were measured by XPS. When a certain amount of SrF2 and SrCl2 were 

added to La2O3 and Nd2O3, almost no change in the binding energies of metal ions 

3d5/2 and O1s was found, but the concentration of trivalent rare earth ions deceaced 

slightly. Among the catalysts used in the reaction for a long time, the surface

concentration of F- and Cl- ions was found to decreased slightly. This result suggests 

that the catalytic performance seems to have something to do with surface F- and Cl-

ion concentration of the catalysts.

In situ microprobe Raman spectroscopy results showed that alkalinity on the SrF2

and SrCl2-promoted Nd2O3 is stronger than that on the pure Nd2O3. And alkalinity on 

the SrCl2/Nd2O3 is stronger than SrF2/Nd2O3. In situ Raman experiment also indicated 

that no active oxygen species formed on the surface of O2-pretreated 50% SrF2/Nd2O3

and 50% SrCl2/Nd2O3. On the 50% SrCl2/La2O3 and 50% SrCl2/Nd2O3, FT-Raman

spectroscopy indicated that O2
2- species peak at 855cm-1 were observed. No O2

2-

species peak was observed in the 50 SrF2/Nd2O3. These results explained that 

promotion on the SrCl2/RE2O3 is better than that on the SrF2/RE2O3.

Keywords: Ethane, Oxidative dehydrogenation, Rare earth orthovandate, Rare

earth oxide, Strontium fluoride, Strontium chloride, BET, TEM,

XRD XPS H2-TPR FT-Raman FT-IR Raman In situ Raman
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1.1.1 ����
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