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Abstract — The production of lower olefins from methanol becomes an attractive process because of the rapid increase
in crude oil price. This paper reivews the conversion mechanisms of methanol to hydrocarbons over zeolite and SAPO
molecular sieve catalysts to understand the formation steps of lower olefins from methanol. The feasibility of the con-
version mechanisms such as the direct mechanism based on well-defined intermediates and the hydrocarbon pool mech-
anism involving hydrocarbon moieties as an active centers is discussed with reepect to the induction period, the
selectivity for products and the deactivation phenomena of the methanol conversion. The literature appeered since 1999
for the structure of the hydrocarbon pool and its catalytic role in the methanol conversion are summariged, and the pros-

pect for the methanol-to-olefins process is described.
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Fig. 1. Pore structure and skeletal of MFI zeolite.
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Fig. 2. Variation of product composition with space velocity in the
methanol conversion over MFI zeolite[1].
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indistinctive intermediates[9].
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Fig. 8. Initiation, propagation, and deactivation of methanol-to-olefins
process explained by hydrocarbon pool mechanism[53].

Aol M= wEdlAlo] A E ar, 8|92 vEdlldly) wigkeo] vk
53l TR | &4 Ash= diEulglo] vz ghlolu) sl o
2 Faot GEiRE @4 A3 AE

Ghelra @234 W71 AR Al A FAIZR1 ST}
Sl X3y 2o st gzl o] lo] 1 gt #A37}
Hlek, FA7F A= o] [ kS| EAdH o 2gSpA|RE 11 4]
A g oloprlahA] Fatrz A5Ho] gigivt. Tev vhelea 84
A7} @xdEile 2 FAISIEHA RESTTREA 2]9)7) kRl
o}, ok A 9-3-0] ek AR d3S sl SRSt

Feo] Ao/ A3} HESoM = Bl EAE Ao =R
Ri= 0] Qt}54]. Guisnet I TEONA T8 JAFTHER] WRS-
71+(pseudomonomolecular mechanism)% /47542 Hg|ojglo|E
A Ulell FAH ghslea Txloll B0 U TI2HUR oolo]
o}, Fig. 90l Bl 2 Al djell 23 ¢ HiAl arglel A% 712
HLE ool oA F-gle] ZAo| A4S} ko] ol giAoR
et e S olUA] 3k Aol =201 s vk
of tiigt Adelido] AlF ol B4t HAEAA o] o= ¢
A Bl X7 @A o el SV Bt o] el g
Sleas AdA wEE7 1) oldl] HE = MTO HES-2 o)/ d 2l
g} ¥R AN S st Sl o]l HellA Ao R vkl
20 g WS Agslwl wHlelA Ealsllof & Aol FH k=
Azto] B}, Al STl E Mg g8l SA1E A= 1
Zo2A 283l o] Ay el ¥ whsled EA3A)
Al FulA5 A3 WSS FRI8R=R] X27] ulitolt}.

N

o]

4. MTO B30 CHSE M

27FASel® ekl 9 7He Ads] el Ikt e
302 ofsk= fAIHAM, At 9] vhE ARl Aw 2uas

spsr@st

448 HM4= 2006 8

(R

o

C—'=C—("
\""ﬁ-\__‘__
T ,_:—b"'--,_“-‘-“ i
P - S .,
e ) +
[f’ g I' k,-—\’«w..ﬂcn (EWMCMC
@) PAS
ey AR
F i
C=C-C ],f \
C-b\.
- -H
\ | -CH;
)

5 /" '
NN
’\Q@‘]—C—C—E—C

Fig. 9. Reaction mechanism of the skeletal isomerization of n-butene
over FER zeolite [54].

Arkstei= ALzl #4do] vhe Ftell fisieh. 1ev 20060 =
oA el 9 919l Fajelf-e] ko] wiEd 702
= oM o7} ALE] FAlR F-zhEo] ofufx] Hekout -
oA 2kele] Bhitof $Hilo] zolxltt. MTO 3742 71 AAES
AEsF A Bl vlsl #: Af 7Ho] wEsh e Folx, 1
9k BV A £ 7ikkelol MTO 3799 AA14 eldAdel 9
8 AR ARVEE ok B ol vk o] 7RsE A 9
o= wlghEe] PYA Fgoll tist $= FAIE 4= ¢lok. ey
A 71 9] A58 J52 wgkSol A gulas Wiksh= 3742
AAE Axskal ). At 7149 el whE F42 ol
A Afslel 21910l 2|47 whdS 7lshedl el @ 5 7]
o]t

MTO 37l thgh Ful] Ads AlEs)] E73t shAo]th,. MTG
37gelA= MFI Al&efo] E7F A2 HH.Z o A|RE MFI Al&eto]
E 9]e]l SAPOA] FHllI= MTO 7gllM= $5=8ict. Q1 &4 &
A4 Aoz MFI ALTlo|EQ A5 29 tigh Aude
Ful|] FelE nire] S 7S = Qi Al
(ceramic foam)ol] MFI Al&e}e|EE F=3E3FAVH55] whe
Ful|2] Aol o sttt 56]. AleTle] E vl 1 9]
Vel & dstol = Saldel digh Aelido] molrlths7].
SAPQ-341} SAPO-18 5 #AE MTO 340l FullzA s}

S|
=
A

o
o =

e
;

= Qlar,

1 3

I=}

Mokt S HE
Hd o) d
M o

ox I

™, Co, Mn, Ni 5 #o] 545 XgsPA Fuj| o] =14 &zl
o} Al gglol Bl #AAY] F, 2P st A7, A A7,

L=iye]

oo =4 AR T ol wiEh A5 gde) oigt A
eV} Sl o] AA debAa Sull kel 7hsAdo] Atz o
=0} SAPO-34 Fulluk Sl 27]olli= A e st A=
/2 ot kA HA el ot I Aok} Aste] FHullEA A8
o] $HHALE et A FHS Tk Rl B )
SAY A Mol 345 XEshs TOoE FES AT A=
A= WEEe] Q= Sl oA 7P 93 SulE BrlkE o
Qltl. SAPO-34% Ful|2 AM-3h= UOP/Hydro MTO 374
gy} 2] 8 T2 gkl A gk o)A 80%
o o]Z:1 ), Hit 7|40 o oguly) ZTeale] Hels 3t
o] 85~90%¢°1 Est}58]. =y} ofedle] AU = 2.0 o
7] =D JEZ 3 Aol 7% MAEACH

=4

12~
Holw4



Aol Ee} B ol wighe: 2%k vi-g2] 717+ 337

=
olo

571l

)
rOl

gt o]af|7} Zlof A o] ARl Mo ® MTO
=2 A 5= Qo) AlF 7% B, 7 X
, HES7IU vk 2719] Al So] AAIHol L ]
= 5= Q)] wiiol), el FAE A=Al 719 wkg
o] &7 Foll et w=Ao] oA = a3 glo] 9
2] it 7hsrde) obA ol Al AXFETH59-62]. 5
5 -85 Hh371- 25917} 124 NMR 7R el SAIZ2E 7)
S =3l Al U BES A e FHE 1 [11, 63-65]
TlEA GAA w717 A RESIC olAlE o)F o
71% Elas W WY oFol 28] Whe-2 Sl dieh&ellA &
A IS ZARIAALH66] WE shelo] = 2] vkS-S 5

s %**zﬂ o] ZHIE TrEetEE Al oA AL Qltt67). tiHE
el ZelA] §hAi-EhA AF o] AYE= vl digh o] B4 A
A= Al =L ATH68, 69]. 0213t A7 AE i o® Bk
719 o AAE] olsiskAl Ew A el 5 ghelea 29
7} dleke A uke-o] @A FHROR LT 42 QIEE
Alg x5 sk, B9 71ss FusTlE SRS A
g 5= lom, AF :rL_w_‘/} A 32 Haslehe A T

o
2

SOk
ot
o

[0
oX

2 o o
oyl
I
[RURI]

o
\

3]

oz

%’ d
njm
M
m-tn
{o

t

L ol plo ok
b

|

sfo

> 8 rulo l~>

%_é

e ete] Fule] 5-e S FAAA = Y e 2
o Qlek, AFHR A7E B3l ) Vgl BAER) S A
= 7]tk ek,

EHEs

1. Chang, C. D., “Hydrocarbons from Methanol;” Catal. Rev. Sci.
Eng., 25(1), 1-118(1983).

2. Chang, C. D., “Methanol Conversion to Light Olefins.’ Catal.
Rev. Sci. Eng., 26(3&4), 323-325(1984).

3. Seo, G, “Conversion of Methanol to Chemical Feedstock and
Fuel? Prog. Ind. Chem., 27(1), 15-22(1987).

4. Keil, F. J., “Methanol-to-Hydrocarbons: Process Technology.,” Micropor:
Mesopor. Mater., 29, 49-66(1999).

5. Stocker, M., “Methanol-to-Hydrocarbons: Catalytic Materials and
Their Behavior;” Micropor. Mesopor. Mater., 29, 3-48(1999).

6. Maxwell, 1. E. and Stork, W. H. J., Stud. Surf. Sci. Catal., 137
(Introduction to Zeolite Science and Practice, van Bekkum et al.
Eds.), 747-819(2001).

7. Park, J. W., Kim, J.-H. and Seo, G., “The Effect of Pore Shape on
the Catalytic Performance of Zeolites in the Liquid-Phase Deg-
radation of HDPEZ’ Pol. Degrad. Stab., 76, 495-501(2002).

8. Liu, Z., Sun, C., Wang, G,, Wang, Q. and Cai, G, “New Progress
in R&D of Lower Olefin Synthesis)” Fuel Process. Technol., 62,
161-172(2000).

9. Haw, J. F., Song, W., Marcus, D. M. and Nicholas, J. B., “The
Mechanism of Methanol to Hydrocarbon Catalysis.” Acc. Chem.
Res., 36, 317-326(2003).

10. Mikkelsen, ©., Ronning, P. O. and Kolboe, S., “Use of Isotopic
Labeling for Mechanistic Studies of the Methanol-to-Hydrocar-
bons Reaction. Methylation of Toluene with Methanol over H-ZSM-
5. H-Mordenite and H-Beta.” Micropor. Mesopor. Mater., 40, 95-
113(2000).

. Hunger, M., “In Situ NMR Spectroscopy in Heterogeneous Cataly-
sis? Catal. Today, 97, 3-12(2004).

12. Dahl, I. M. and Kolboe, S., “On the Reaction Mechanism for

1

J—

Propene Formation in the MTO Reaction over SAPO-34." Catal.
Lett., 20(3-4), 329-336(1993).

13. Arstad, B. and Kolboe, S., “The Reactivity of Molecules Trapped
within the SAPO-34 Cavities in the Methanol-to-Hydrocarbons
Reaction]’ J. Am. Chem. Soc., 123, 8137-8138(2001).

14. Olsbye, U., Bjorgen, M., Svelle, S., Lillerud, K.-P. and Kolboe,
S., “Mechanistic Insight into the Methanol-to-Hydrocarbons Reac-
tion}” Catal. Today, 106, 108-111(2005).

15. Song, W., Haw, J. F., Nicholas, J. B. and Heneghan, C. S., “Meth-
ylbenzenes are the Organic Reaction Centers for Methanol-to-Ole-
fin Catalysis on HSAPO-347".J. Am. Chem. Soc., 122, 10726-10727
(2000).

16. Haw, J. F.,, Nicholas, J. B., Song, W., Deng, F., Wang, Z., Xu, T.
and Heneghan, C. S., “Roles for Cyclopentenyl Cations in the
Synthesis of Hydrocarbons from Methanol on Zeolite Catalyst
HZSM-57 J. Am. Chem. Soc., 122, 4763-4775(2000).

17. Song, W., Fu, H. and Haw, J. E., “Selective Synthesis of Meth-
ylnaphthalenes in HSAPO-34 Cages and their Function as Reac-
tion Centers in Methanol-to-Olefin Catalysis, J. Phys. Chem. B,
105, 12839-12843(2001).

18. Song, W., Fu, H. and Haw, J. F., “Supramolecular Origins of
Product Selectivity for Methanol-to-Olefin Catalysis on HSAPO-
347 J. Am. Chem. Soc., 123, 4749-4754(2001).

19. Song, W., Nicholas, J. B. and Haw, J. F., “A Persistent Carbe-
nium lon on the Methanol-to-Olefin Catalyst HSAPO-34: Ace-
tone Shows the Way:’ J. Phys. Chem. B, 105, 4317-4323(2001).

20. Sassi, A., Wildman, M. A. and Haw, J. F., “Reactions of Butyl-
benzene Isomers on Zeolite HBeta: Methanol-to-Olefins Hydro-
carbon Pool Chemistry and Secondary Reactions of Olefins.’ .J.
Phys. Chem. B, 106, 8768-8773(2002).

. Sassi, A., Wildman, M. A., Ahn, H. J., Prasad, P., Nicholas, J. B.
and Haw, J. E., “Methylbenzene Chemistry on Zeolite HBeta: Multi-
ple Insights into Methanol-to-Olefin Catalysis,” J. Phys. Chem. B,
106, 2294-2303(2002).

22. Park, T.-Y. and Froment, G. F., “Kinetic Modeling of the Meth-
anol to Olefins Process. 2. Experimental Results, Model Dis-
crimination, and Parameter Estimation;” Ind. Eng. Chem. Res.,
40, 4187-4196(2001).

23. Alwahabi, S. M. and Froment, G. F., “Conceptual Reactor Design
for the Methanol-to-Olefins Process on SAPO-34;" Ind. Eng. Chem.
Res., 43, 5112-5122(2004).

24. Wu, X., Abraha, M. G. and Anthony, R. G., “Methanol Conver-
sion on SAPO-34: Reaction Condition for Fixed-Bed Reactor.’
Appl. Catal. A: General, 260, 63-69(2004).

25. Gayubo, A. G, Vivanco, R., Alonso, A., Valle, B. and Aguayo,
A. T., “Kinetic Behavior of the SAPO-18 Catalyst in the Trans-
formation of Methanol into Olefins.’ Ind. Eng. Chem. Res., 44,
6605-6614(2005).

26. Keil, F. J., Hinderer, J. and Garayhi, A. R., “Diffusion and Reac-
tion in ZSM-5 and Composite Catalysts for the Methanol-to-Ole-
fins Process.’ Catal. Today, 50, 637-650(1999).

27. Chen, D., Rebo, H. P. and Holmen, A., “Diffusion and Deactiva-
tion During Methanol Conversion over SAPO-34: A Percolation
Approach;” Chem. Eng. Sci., S4, 3465-3473(1999).

28. Chen, D., Rebo, H. P., Gronvold, A., Moljord, K. and Holmen,
A., “Methanol Conversion to Light Olefins over SAPO-34: Kinetic
Modeling of Coke Formation." Micropor. Mesopor. Mater:, 35-

2

—

Korean Chem. Eng. Res., Vol. 44, No. 4, August, 2006



338 5

36, 121-135(2000).

29. Dewaele, O., Geers, V. L., Froment, G. F. and Marin, G. B., “The
Conversion of Methanol to Olefins: A Transient Kinetic Study;’
Chem. Eng. Sci., 54, 4385-4395(1999).

30. Soundararajan, S., Dalai, A. K. and Berruti, F., “Modeling of
Methanol to Olefins (MTO) Process in a Circulating Fluidized Bed
Reactor]” Fuel, 80, 1187-1197(2001).

31. Seo, G, Song, Y. S., Byun, D. H. and Ha, B. H., “Olefin Selec-
tivity in the Conversion of Methanol over Phosphorus Modified
HZSM-5 Catalysts,” Korean Chem. Eng. Res., 26(6), 591-589(1988).

32. Seo, G. and Ryoo, R., “3'P, 77Al, and '?Xe NMR Study of Phos-
phorus-Impregnated HZSM-5 Zeolite Catalysts.’.J. Catal., 124,
224-230(1990).

33. Seo, G, Kim, D. C., Ko, T.-S. and Park, T. J., “The Effect of
Phosphorus Impregnation on HZSM-5 Zeolite in 1-Butenes Con-
version.” Korean Chem. Eng. Res., 29(4), 494-502(1991).

34. Rhee, K., Cho, M., Jeong, B. and Seo, G., “Catalytic Properties
of Borosilicate in Methanol Conversion;’.J. Korean Chem. Soc.,
34(4), 360-369(1990).

35. Djieugoue, M.-A., Prakash, A. M. and Kevan, L., “Catalytic Study
of Methanol-to-Olefins Conversion in Four Small-Pore Silicoalmino-
phosphate Molecular Sieves: Influence of the Structural Type, Nickel
Incorporation, Nickel Location, and Nickel Concentration;’ J. Phys.
Chem. B, 104, 6452-6461(2000).

36. Chen, D., Moljord, K., Fuglerud, T. and Holmen, A., “The Effect
of Crystal Size of SAPO-34 on the Selectivity and Deactivation
of the MTO Reaction.” Micropor. Mesopor. Mater:, 29, 191-203
(1999).

37. Wilson, S. and Barger, P, “The Characteristics of SAPO-34 which
Influence the Conversion of Methanol to Light Olefins.” Micropor:
Mesopor. Mater., 29, 117-126(1999).

38. Dahl, I. M., Modtad, H., Akporiaye, D. and Wendelbo, R., “Struc-
tural and Chemical Influences on the MTO Reaction: A Compar-
ison of Chabazite and SAPO-34 as MTO Catalysts,” Micropor.
Mesopor. Mater:, 29, 185-190(1999).

39. Ko, T.-S. and Seo, G., “Methanol Conversion over SAPO-34
Molecular Sieve Catalyst,” Korean Chem. Eng. Res., 28(2) 163-
171(1990).

40. Ko, T.-S. and Seo, G., “Conversion of Olefins over SAPO-34
Molecular Sieve Catalyst.” Korean Chem. Eng. Res., 29(3), 263-
269(1991).

. Dubois, D. R., Obrzut, D. L., Liu, J., Thundimadathil, J., Adek-
kanattu, P. M., Guin, J. A., Punnoose, A. and Seehra, M. S.,
“Conversion of Methanol to Olefin over Cobalt-, Manganese-
and Nickel-Incorporated SAPO-34 Molecular Sieves,’ Fuel Pro-
cess. Technol., 83, 203-218(2003).

42. Venkatathri, N., “Synthesis and Characterization of High Silica
Content Silicoaluminophosphate SAPO-35 from Non-Aqueous
Medium;’ Catal. Commun., 7, 773-777(2006).

43. Franklin, 1. L., Beale, A. M. and Sankar, G,, “On the Activity,
Longevity and Recyclability of Mn(II) and Co(Il) Substituted
AIPO-18 Catalysts for the Conversion of Methanol to Light Ole-
fins)’ Catal. Today, 81, 623-629(2003).

44. Gayubo, A. G, Aguayo, A. T., Alonso, A., Atutxa, A. and Bilbao,
., “Reaction Scheme and Kinetic Modelling for the MTO Pro-
cess over a SAPO-18 Catalyst” Catal. Today, 106, 112-117(2005).

45. Aguayo, A. T., Gayubo, A. G, Vivanco, R., Alonso, A. and Bil-

4

—

sfetsst 44 H4= 2006 8

(R
o

e

bao, J., “Initiation Step and Reactive Intermediates in the Trans-
formation of Methanol into Olefins over SAPO-18 Catalyst;” Ind.
Eng. Chem. Res., 44, 7279-7286(2005).

46. Wang, W., Seiler, M. and Hunger, M., “Role of Surface Meth-
oxy Species in the Conversion of Methanol to Dimethyl Ether on
Acidic Zeolites Investigated by In Situ Stopped-Flow MAS
NMR Spectroscopy:” J. Phys. Chem. B, 105, 12553-12558(2001).

47. Wang. W., Jiang, Y. and Hunger, M., “Mechanistic Investigation
of the Methanol-to-Olefin(MTO) Process on Acidic Zeolite Cat-
alysts by In Situ Solid-State NMR Spectroscopy:” Catal. Today,
113, 101-114(2006).

48. Carlson, L. K., Isbester, P. K. and Munson, E. J., “Study of the
Conversion of Methanol to Dimethyl Ether on Zeolite HZSM-5
Using In Situ Flow MAS NMR?’ Solid State Nucl. Magn. Reson.,
16, 93-102(2000).

49. Dahl, 1. M. and Kolboe, S., “On the Reaction Mechanism for
Hydrocarbon Formation from Methanol over SAPO-34."J. Catal.,
149, 458-464(1994).

50. Dahl, I. M. and Kolboe, S., “On the Reaction Mechanism for
Hydrocarbon Formation from Methanol over SAPO-34. 2. Iso-
tope Labelling Studies of the Co-Reaction of Propene and Meth-
anol)” J. Catal., 161, 304-309(1996).

51. Arstad, B., Nicholas, J. B. and Haw, J. F., “Theoretical Study of
the Methylbenzene Side-Chain Hydrocarbon Pool Mechanism in
Methanol to Olefin Catalysis)’ J. Am. Chem. Soc., 126, 2991-3001
(2004).

52. Marcus, D. M., Song, W., Abubakar, S. M., Jani, E., Sassi, A.
and Haw, J. F., “Reactions of Halobenzenes with Methanol on
the Microporous Solid Acids HBeta, HZSM-5, and HSAPO-5:
Halogenation does not Improve the Hydrocarbon Pool)” Lang-
muir, 20, 5946-5951(2004).

53. Haw, J. F. and Marcus, D. M., “Well-Defined (Supra)Molecular
Structures in Zeolite Methanol-to-Olefin Catalysis,” Top. Catal.,
34(1-4), 41-48(2005).

54. Guisnet, M., “*Coke’ Molecules Trapped in the Micropores of
Zeolites as Active Species in Hydrocarbon Transformations;’ .J.
Mol. Catal. A: Chem., 182-183, 367-382(2002).

55. Patcas, F. C., “The Methanol-to-Olefins Conversion over Zeo-
lite-Coated Ceramic Foams.” J. Catal., 231, 194-200(2005).

56. Masuda, T., Asanuma, T., Shouji, M., Mukai, S. R., Kawase, M.
and Hashimoto, K., “Methanol to Olefins using ZSM-5 Zeolite
Catalyst Membrane Reactor,” Chem. Eng. Sci., 58, 649-656(2003).

57. Tago, T., Iwakai, K., Morita, K., Tanaka, K. and Masuda, T.,
“Control of Acid-Site Location of ZSM-5 Zeolite Membrane and
its Application to the MTO Reaction.’ Catal. Today, 105, 662-666
(2005).

58. Chen, J. Q., Bozzano, A., Glover, B., Fuglerud, T. and Kvisle, S.,
“Recent Advancements in Ethylene and Propylene Production
Using the UOP/Hydro MTO Process,” Catal. Today, 106, 103-
107(2005).

59. Bjergen, M., Olabye, U., Petersen, D. and Kolboe, S., “The Meth-
anol-to-Hydrocarbons Reaction: Insight into the Reaction Mech-
anism from ['2C|Benzene and ['*C]Methanol Coreactions over
Zeolite H-Beta?” J. Catal., 221, 1-10(2004).

60. Wang, W., Buchhlolz, A., Seiler, M. and Hunger, M., “Evidence
for an Initiation of the Methanol-to-Olefin Process by Reactive
Surface Methoxy Groups on Acidic Zeolite Catalysts,” J. Am. Chem.



Aol Ee} B ol wighe: 2%k vi-g2] 717+ 339

Soc., 125, 15260-15267(2003).

61. Lesthaeghe, D., Speybroeck, V. V., Marin, G. B. and Waroquier,
M., “What Role do Oxonium Ions and Oxonium Ylides Play in
the ZSM-5 Catalyzed Methanol-to-Olefin Process.” Chem. Phys.
Lett., 417, 309-315(2006).

62. Jiang, Y., Marthala, V. R. R., Huang, J., Sulikowski, B. and Hun-
ger, M., “Effect of Organic Impurities on the Hydrocarbon For-
mation via the Decomposition of Surface Methoxy Groups on
Acidic Zeolite Catalysts.’ J. Catal., 238, 21-27(2006).

63. Seiler, M., Schenk, U. and Hunger, M., “Conversion of Metha-
nol to Hydrocarbons on Zeolite HZSM-5 Investigated by In Situ
MAS NMR Spectroscopy under Flow Conditions and On-Line
Gas Chromatography,’ Catal. Lett., 62, 139-1451(1999).

64. Hunger, M., Seilver, M. and Buchholz, A., “In Situ MAS NMR
Spectroscopic Investigation of the Conversion of Methanol to
Olefins on Silicoaluminophosphates SAPO-34 and SAPO-18 under
Continuous Flow Conditions.’ Catal. Lett., 74(1-2), 61-68(2001).

65. Han, X., Yan, Z., Zhang, W. and Bao, X., “Applications of In Situ
NMR in Catalytic Processes of Organic Reactions. Curr: Org.

Chem., 5, 1017-1037(2001).

66. Svelle, S., Bjorgen, M., Kolboe, S., Kuck, D., Letzel, M., Olsbye,
U., Sekiguchi, O. and Uggerud, E., “Intermediates in the Meth-
anol-to-Hydrocarbons (MTH) Reaction: a Gas Phase Study of the
Unimolecular Reactivity of Multiply Methylated Benzenium
Cations.” Catal. Lett., 109(1-2), 25-35(2006).

67. Svelle, S., Aravinthan, S., Bjorgen, M., Lillerud, K.-P., Kolboe,
S., Dahl, I. M. and Olsbye, U., “The Methyl Halide to Hydrocar-
bon Reation over H-SAPO-34." J. Catal., 241, 243-254(2006).

68. Lesthaeghe, D., Speybroeck, V. V., Marin, G. B. and Waroquier,
M., “Understanding the Failure of Direct C-C Coupling in the
Zeolite-Catalyzed Methanol-to-Olefin Process,” Angew. Chem. Int.
Ed., 45, 1714-1719(2006).

69. Marcus, D. M., McLachlan, K. A., Wildman, M. A., Ehresmann, J.
0., Kletnieks, P. W. and Haw, J. F., “Experimental Evidence
from H/D Exchange Studies for the Failure of Direct C-C Cou-
pling Mechanism in the Methanol-to Olefin Process Catalyzed
by HSAPO-34." Angew. Chem. Int. Ed., 45, 3133-3136(2006).

Korean Chem. Eng. Res., Vol. 44, No. 4, August, 2006



