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Abstract — Generally, strong acid sites were understood as the main active site for the methanol-to-olefin(MTO) reaction
over the ZSM-5 catalyst. In this study, the correlation between the catalytic activity and the extent of deactivationésy coke d
position was found to be quite proportional mainly due to the changes in the amount of the strong acid sites. The kinetic
expression including the catalytic deactivation was able to be derived and the deactivation rate constants were estimated. From
this kinetic study of catalytic deactivation in the MTO reaction, the value of the deactivation rate coyetast(k195 Ht at
350°C. From the results of NHTPD measurement, it was found that the amount of strong acid sites were controllable by the
ion-exchange of metal counterion. The selectivity and yield of propylene were found to be proportional to the amount of strong
acid sites. Regeneration of the deactivated catalyst was carried out by burning off the deposited carbon using an afr and the ¢
alytic activity was recovered quite significantly. It was found that the estimated deactivation rate constants repregese the de
of deactivation fairly well. The regeneration efficiency was gradually decreased by repeating regeneration.
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Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Effect of space velocity on methanol conversion.
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Table 1. Comparison of different deactivation models

Standard error(1/h) order of deactivation

Temp. (C
p-C) n=1 n=15 n=2
275 0.094 0.057 0.056
300 0.115 0.097 0.094
325 0.177 0.081 0.284
350 0.411 0.352 0.765
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Table 2. Parameters in Eqg. (15)

Temp £C) kN k Ky
275 0.46 0.32 0.004
300 2.08 1.37 0.019
325 8.34 5.75 0.070
350 30.85 23 0.232

La/ZSM-5

Mg/2SM-5

TCD response(arbit. unit)

Mg-La/ZSM-5

E, = 35479 [cal/gmolK]

Temperature("C)
Fig. 5. NH, TPD results for M-ZSM-5 (M=Mg, La, heating rate: 20°C/min).

5 Slope : -17,856
Intercept : 27 \.\ 10 : . . . .

51 ; . : . . . -@- Weak acid site 138
0.0016 0.0017 0.0018 00019 099 ~B- stona zcid site -
1 = =
1Temp. K'] e ] {oo &
Fig. 4. Arrhenius relationship for deactivation rate constant. =2 ' a
s ] > &
© 0.7 <434 8
8 \\ ]
9 0. £ < 2
§ 061 Py 432 &
rk 2 B 2
WHSV = DH1+0.5I{,t] for n= 1.5 (15) 2 s R g
-1 30
2 (15)2 o]8-514 H|Edst &icof) FAE HepE 04 i . : . :
I AFE Table 2] Yepygic}. X3 Table 21 L}FA—"H X]—ii H}H— HIZSM5 LaizSM5 MaiZSMs Ma-LaiZSM5
- N Catalysts
o=, Artheniugl-g o]8-3te] Fuje] w]ZAS} h-g-4] SAstelX] ¢
e Al Fig. 41 VERIQLL, HE AAgES olglol] VrERA Fig. 6. Comparison of weak and strong acid site concentration on metal
ion-exchanged ZSM-5.
K, = 1.96x 1dlxexpg%g] & (16)
: = £7 40] AXERE HE oleo] meRg o 5 o
ARSI LHRS HPAZ)E MTO BgoIA] ZSM-5 ZmE AL BEl, A W oRAe) Wb} Srel el el meh a2l
|30 A, P W84 B3} oA gk 34,949 cal/gmot o, o] 2 Awalete] Fig. 6l vERASITE ok o] A8 A ¥
K ZAeg HAEI IvH25]. o]A2 & AFofA Mg-La/ZSM-53: e B & glglont ke A% La, Mg 2 Mg-Lao] o]&w sk
W Agale] Qolzl WiAsh wge] 845t AR }(35479call B A9 MO hhshe 22 B 5 Uk o ZHY B Yo|Lo]
2% 0
T

Z__ = é
gmol - K)3} FARSE grlS &

&
& T itk HZSM-5 o] 2mshd 7% MTO uH39] Fa BYHo R #Aaah=
7R BronstediFa[11]9] o] 2EE F 22 & 4 ATk

3-2. Coke&HE0|| ofst EM MEMo| Hslel <& ol2werEl ZSM- 2 A3 MTO vHgoxe S g A=) 54% P =0l

5 Z0fM0IM MTOEMzte| AZEtA A= Weks X3S Aepdo] Fa A EoId I AR

Fig. 5= 7} FwlE9 NHyTPD ZA#= veldl 31024, HZSM-5 o9 2 g By ANEC oelw Zaudo|glon, ey

Zanfje] 739 170°C, 260°C & 470°C H-Zol|A Al 714 H=ZE Ho| G o]e] L He) i3k Aelr = iwds] Zke Aow vEldtl. 400°C
Tk of71A 170°C # 260°CoIM e HAe 7 oA 3 F Jx 2] M2 M TS Table 3] VERH T

7E719] ARE-E LRt B 4= 9101, 470°CHA 9] HH= MTO NH3TPD AIE o8 %oq oel W Zzde] 400°CoH e A

ihe-o] 8 BP0 R ARl AAEeRE B & glvh WA 260°C Z Fig. P Jehigch =2 Jé;g_o Ao Auin wl Zmgo] 7HARA

w39 37 48] A B4 Polpo] mael Wk A 2UTE ) Fo Wl A ﬁﬁéi ashe 28 2 % Uitk ol B

AL B % e, ol2RE 74 ol2o] olewehd A% 4% Ee ZRUAL 97] YT MgPh Lag Fol&siAlA Ak

Table 3. Product selectivity in the MTO reaction(reaction time: 6 hr, reaction temp.: 400C, WHSV: 100 hr?)

Selectivity(%)
Catalyst -
Methanol Dimethylether c C~= C, Cy= (0N CF C, C= C..
Mg-La/ZSM-5 7.2 3.8 12.2 16.8 3.9 32.7 5.3 2.6 21 1.9 115
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Fig. 7. Selectivity to ethene and propylene as a function of strong acid

site(reaction time: 6 hr, reaction temp.: 400C, WHSV: 100 hr™).
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Table 4. Relative parameters as a function of WHSV at 40C

General reaction  1stregeneration  2nd regeneration

WHSV(hrY)
K/l Ky kil Ky kil Ky
10 7587 0445 8285 0476 8435 0.483
50 9235 0091 106.38 0.116 16158 0.202

10C 140.31 0.047 179.43 0.086 20559 0.110
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