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or of SAPO-34 in MTO process was investigated. The primary dynamics
teristics of coke species and effect of coke deposition on catalyst
studied by means of reaction evaluation, TG-DTA, temperature-
g test, R and GC-MS, It was found that the coke species formed at
temperatures were different, The coking mechanics at different reaction
pposed to be different.

' SAPO-34 has been of great interest for its high aa.lec,tw:ty for ethene in
ich is ascribed to its pore size restriction and suitable acidity 1. However,
‘as well as the supercage-window structure, causes rapid coking and
action., Savaral literatures have reported the coking behavior of SAPO-34
ion In the present study, we investigated the eoking behaviors in MTO
fm find out the relationship between the reaction temperature and coke

1 an atom ratio of 0.3851:0.8P:Al was used in all tests. SAPO-34 was
ydrothermal method, using tiethylamine as template, as deseribed in
as-synthesized SAPO-34 was calcined at 350°C for 3 hours 10 be
. The MTO reactions over H-SAPO-34 were carried out in a fixed bed
reaction temperatures. The catalytic performance was evaluated using an
iC-9AN chromatogram analyzer equipped with a FID detector and a tree-
umn, Methanol was evaporated, dﬂuted with nitrogen and fed into the
ssure of 0.1 atm and WHSY of 0.06 hr''. The reaction was carried out at
espectively. In order to obtain samples with evenly distributed coke, the
very thin,

ics tests and the determination of coke amount after reaction was carried
pressure of 0.025atm, was introduced for the coking dynamics tests. IR

samples were measured on a Perkin-Elmer 983G IR spectrophotometer.
med cracking tests of coked samples were designed and carried out ona

mer TGS-2 and DTA 1700 anmalyzers. Methanol diluted in helium of
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shown in Figure 1 and

ly. It is clear that the

oke deposit decreases

mperature at first, and then gradually approaches a stable value above
ature range of 400~550°C, the initial rate of ceke formation increases
perature. It is interesting that at the reaction temperature of 350°C
are obtained for both the coke deposit and the initial rate of coking (3.8x107°
Iso interesting that the samples coked at different reaction temperature present
h the TG-DTA diagrams of coked samples in temperature programmed
), only cne exothermic peak at temperature of 560°C appears when
15 350°C, while appear two exathermic peaks at temperature of 420°C

ing rates formed at different reaction temperatures. IR spectra of coked
te shown in Figure 3. The coke formed at 350°C presents two absorbent
fom 1650 cm’ to 1450¢ent’ is ascribed to aromatics ', while the band

absorbent band for aromatics. We can conelude that different coke species
It reaction temperatures, The coke formed at 350°C contains species of
1.¢,, and aliphatic hydrocarbons, J. M. Campelo and co-workers reported
iey found some heavier oligomers formed inside the supercage and could

erature on coking dynamics
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Fig2 TG-DTA Curves of samples coked at 350°C (a) and 550 °C (b)

programmed cracking (TPC) test of coked samples- revealed that some
ldha cracked to gases by heating in inert gases or in vacuum. Figure 4
C curves of samples with different coke contents. The coke formed at 350°C
s at about 510°C, while coke formed at 550°C gives peaks at about 570°C.
f TEC curve arcas against coke content, it could be found that these crackable
imly in lower- temperature coke and/or coke at low contents (Figure 5). IR
¢ crackale species are 1Iiphatic[Figurc 6). The absorbent band of 1450-
I when the samples were heated in vacuum. It was found by GC analysis
in TPC consisted of C1-C3 alkanes and alkenes, This suggests that these
be oligomers.
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;'Ihnugh the initial coking rate was rapid, it had no significant effect on methanol
sipns at reaction temperatres of both 350°C and 350°C, owing to the low WHSV we
. Also, it can be concluded from the rather high coke amount that a large amount of
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ydrocarbon selectivity and coke formation of MTO reaction versus time on ling;
reactions were carried out at 350°C (a) and 550°C (b), respectively
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methanol fed was converted to coke. Thus the product distribution of the out-let gas should be
tlosely related to the coking process. At reaction temperature of 350°C, initial coke had no
notable effect on selectivity for ethene, which increases slowly with increasing time on stream
[Figure 7a). At 550°C, ethene selectivity raised remarkably after even wvery little coke
deposited on catalyst, and then leveled off in the ensuing aging course (Figure 7b). The reason
for this effect may be contributed by the fact that at higher reaction temperature the initial
coke deposits on the external surface and partly blocks the pore mouths therefore enhances
the shape selectivity for ethene, Another reason may be that the initial coke forms and
develops over the strong acid sites and covers them, and the remained acid sites of’ medium
strength are more favorable for the ethene selectivity.

The alkane distributions in the hydrocarbon products at different reaction temperaturcs are
quite different. At 350°C, the selectivity for C;-Cy alkanes is high and decreases with raising
coke level. We suspect that the formation of alkane may be directly related to coking process.
Several other researchers reported U that alkanes can be generated from the formation of
arbenium ions:

Crl H'.’!u+ R+ — CJE!-I--JI:IH + RH

Also, the alkyl carbenium ions can further react with olefins to produce alkanes and
adsorbed species of less H-saturated alkylene carbenium ions, via hydride transfer over L acid
gites. Further hydride transfer and cyclization of alkylene carbenium ions lead to the
formation of aromatics. The aromatics and/or together with oligomers finally form coke of
different H-saturation,

The above-mentioned scheme may explain the coking behaviors at lower temperature,
However, at higher temperature (Le. 550°C), methane becomes the dominant compoenent in
the alkane products. It seems that different reaction temperatures make the coking
mechanisms different. The components of the substance extracted from the catalyst samples
coked at 550°C, analyzed by using GC-MS, are a variety of aromatics- from alkylated
benzenes to alkylated pyrenes. No oligomers were detected. We suggest that conking at higher
femperature go on via aromatization, as the following scheme shows, but not via
dhigomerization:

Pyrene and Non-
MeOH——, Olefin » Alkylated » Alkylated —  dlkylated —, extractable
benzene naphthalen ppyrene coke
Light Clefins Extractable coke
4, CONCLUSION

The coking behavior of SAPO-34 in MTO process was investigated. It was found that the
toke species formed at different reaction temperatures were different. At lower reaction
temperature, the coke consists of both aromatics and oligomers, When reaction temperature is




hlgh the coke is mainly aromatic. It is suggested that the coking mechanism at different
::ua fion lemperatures go on via different route, i.e. via oligomerization at lower temperature
while via aromatization at higher temperature.
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