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A Az A8 Aol SHA oz Wt Mwwel - Al A8 Alge] A2 wxsHe MFI Al&ee)
EolA My 727} dghee] A5 ST o Z ASHMTO) HESolA AE B39} ] Aste] vx&= Faks A}
31t} A7) IS8 MWWSEE MFI Al2-Elo] Ex= MTO HESollA Agkgo] a1 EA Aalrt =2l o] A& A
SN, MWWeIAE Cy-Coo] A8 Bhalrar) Hol AAEY MFIIME C oF W= 813HE9] &0 =9)t).
MTO RHS- & MWWolli= thag] Wk SIsHE(PAHs)0| Wo| A= MFIeAE Wixlz vzl feAvt A4
ek MFIgH g2] MWWwell 918 Jx]8Fd MTO REgell Frfl 243 Bl Falgko] A £t Mwwe]
A8 ATolis MTO 8- 5 PAHs7} Z3 0] @4d0] glojx|u} PAHSF AVdE]A] ok A8 Alwelr] A8 vl
27} ATt ey 48 Ayl Qlo] EXEH Aol 2] g4do] 7] EolEth MFIlE Ale wAk el
o] Gx|glo] 7ot Abgo] FdlE o] AYE B gAY F4 AskER] Witk AlE 722 A0)Z MTO W
oAl MWWS} MFIQ] FvlEA A% 2lo)s Asisict.

Abstract — Methanol-to-olefin (MTO) reaction was studied over MWW zeolite with independently developed two
pores (circular and straight) and MFI zeolite with intercrossed sinusoidal and straight pores in order to investigate the
effect of pore structure on their catalytic behavior. MWW and MFI zeolites with similar acidity exhibited commonly
high conversion and slow deactivation in the MTO reaction, but their product selectivities were considerably different:
linear hydrocarbons of C;-Cy were mainly produced on MWW, while the yield of C,” and aromatics were high on MFI.
Polyaroamatic hydrocarbons (PAHs) were accumulated on MWW, but a small amount of benzene and aromatics on
MFI. The impregnation of phosphorous on MWW caused significant decreases in the catalytic activity and toluene
adsorption, but the decreases were relatively small on MFI. Although the straight pores of MWW were inactive in the
MTO reaction due to the accumulation of PAHs, its circular pores which suppressed the formation of PAHs sustained cat-
alytic activity for the production of linear hydrocarbons. Therefore, the impregnation of phosphorous on the circular pores
of MWW caused a significant decrease in catalytic activity. The phosphorous impregnation on the cross sections of MFI
altered the product selectivity due to the neutralization of strong acid sites, but catalytic deactivation was negligible. The
difference of MWW and MFI zeolites in the MTO reaction was explained by their difference in pore structure.
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Methanol-to-Olefin Reaction over MWW and MFI Zeolites: Effect of Pore Structure
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A Anje] A&EAR1 koL A 7HAe] HE o 38k
o 98 Ryl $od FAR ¥4u 1w 9ok A4 @rWP?;H =
Q3 959l gy} TS Aol AT UZERES A
slisto] Azt Al 92 31 2o 1A 800 °C 01
2ol 2ol s wlEe] offux] ARERFo] Wil o)aksheA
= wo] W&o 313H5 0% H3lri1,2). 1 3 A o]
o)) AelA oA & A ARgshaA A dlaS e ¢
UE 3 o] TR AR QIeH3-11].

HERE oA AF SHH-E A Z8h= MTO 374> A &tolu vlo]
Qul2 5 A 01918 ARel A A el EE ABAE S glo]
S TS UnERs 3go g gE a,lu} UOP/Hydro MTO ¥
ol AMEE= Ni-SAPO-34 Flli= A5 Sedlol gt Aelgdo)
sl A 2N AT 29 —’FE%S 8%l o] ETHS].

MTO RES- & A Yol A/dE A Enlzl (hexamethylbenzene:
HMB)IA 2714 &2 3}(side chain alkylation) HH-5-3} & 7]
(paring) WH-8-& AA AF &3] A3 TH12-14]. Z12)vt HMB
9 7t 5 wels) vkg-o 7 tharg] ek 3lshE (polyaromatlc
hydrocarbons: PAHs)°] /‘3“ A, 24 %@O HMB7} Z°&
AlFo] PAHsZ A A Hh3-E7} AJE2] o]F0] A= o] %‘*O]
ABhETH15].

A &efo| EL] Al T30}k A Eel| wek MTO HE-g-ollA AEE
W8} A A8t AEo] 4ds] vhEre,16]. Al AT 870 At
> YALE 0]F0]%1 (8 membered-ring: SMR) SAPO-34914+= A&

o] tobx A SEl¥o] T2 A HU, 12MR AlSeRo| EQI FAU
9} BEACIA= Allgo] #14] PAHs7]- *MQOi FHEEE F4 A
7} WEECH16]. 10MR Al2210)EQ] MWWEF MFIE= SAPO-34
of| Hl3l] A AL F&o] SXRE B4 At =E|tH79]. F+
T2 AlF T3t Fel SAE R A 0 =2 widE o] Ql= A E Al
TR} WA 37)7F At 5 Atolel el 7l AsHAl T
2% (circular) MWWE] Aol MTO HEg-©] Z1&8=o] C,-C
T A8 "ol tigk AE Tt e AlEEtel Eo vlE] w9 =
th9]. olell ¥]3ll MFI Al&2to] EolAli= 10MRE] 77217 A5}
A3 MlFo] WARsH=E el A e slekEo] ol AAEY, 7
571 Mge] o] AlgkoZ PAHs Aol oA E ).

MFI Al &210| ES MTO 53¢l Fvll 2 ARE37] Sl8liA] Q1& &
A3le] 73t 2bAE SIAA AT el gk AedS =2t
T MWWE 1 AARe 25 Eo|sh| WS 318kEo]| thsh
B WAl C-Cy Y whslpirol] tish Aol o). Wyl of
A=A o]

Yzl F3F F3tell & F3to] w43 Aly Brefl PAHs 34
AslelEl A= "% MTO WHolli 24 #87) 2]t} 92
Yelelli Rel)el 5 C,-C 5 A8 Slwol g
A3kE 31 glo] MWWollA MTO HES-of] 34]o] whon} o] Zuj
Z-gof] th3k o17= MFIL} SAPO-349] H]&) o} At}

o] ATFollA= AlF Q7= 10MRE 2oL} AlF 3= A th
E MWW} MFI A& 20| EoA] MTO HE-5 ZAFSI] MWW
Eolgt Ful| As-S Ay 29} d#A|o] skt MTO W

o thet AlE 7322 FaFolt Q1 B4 &7 50| ol AT MFI
ﬂ]gr’/}OlEfﬁ] tjulste] A& ¥i° ztolE AESFATH10,11].
A EXZ I3t g At} BF<le] &3 A% WstE THs]
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MWW ALl EL] AlF FZ7F MTO HES-ollA] Fujl E4def vl

A= PEFE Al
2.4 ¥
1. S0f M=
6“/\]—‘31]‘5]34 o]% (hexamethyleneimine: HMI, Aldrich, 99%)& -3

A B4R AR3to] MWWE EJ38ISITH17]. & 27d0] (14.0 HMI
: 69.2Si0, : ALO; : 11.2Na,0 : 1160H,0)2! 3] RS | x3}
o HIZE(Teflon) S B-& 2+ 119F Hh-g-&<f €31 150 °CollA] 120
AlE B 7 AT o] 2AIAGTE AHst] Axst &
550 °CollAl 16A13F 5<F /338to] 72 2 B85 AA ]’93\1:}‘
80 °ColA 0.1 M A4k &HF (Daejung, 98%) LN O 7 o] 2 w3t
% 550 °CollA] 6117t BoF A4E10] H-8 MWW Al2Tlo]ES A

Z3F9th MFI(Zeolyst, CBV-5224), FAU(Zeolyst, CBV-720), BEA

(PQ, CP814E)= Si/Al ZH|7} vk ARR A5 ARSIt
F< ©A (incipient wetness) WH O F QAO|FALRE (Wako

98%)= MWW MFI Al &2to| Eof] PX|8}3]tt. 223 FHnjjef <l

O] ATA| NS F5AIA ALoA 5A17F B¢ HAFE 5100 °C

of| A 2A17F B}t AZBIITE. 550 °ColA 5AIRE AdEke] Qo] w
¥ Fuls Ao, < D‘X]Bh?] iuH Ao 1.5%7} H%

= Q9] AFA fH FE= AT} ¢
Fell 2o “MWW(19)-1.5 P”ﬂ H 3] o}"ﬂﬂ}

YA S ol

2-2. E £ 2AM

IR XA 38 5247] (high resolution X-ray diffractometer,
Rigaku, D/MAX Ultima III)E AH-38I3tE Ni-2ES 5393 Cu
Ka XA 27 40 kVs} 40 mAoA 5~50° W19 X-A 3] (X-ray
diffraction: XRD) Z&HS 73]t}

SEM(Hitachi, $-4700)2.2 =} Z7]9} Boke st Y=}
300E ARl skl ST §iAF A2 3

Aot

ICP-AES(Perkin-Elmer, Optima 4300 DV)& 1] 3-8 A}
ATt Fvl| 50 mge 80 °CollA 2417 52t 3 M ABIES <
£ 100 mloll HATh 71FEEZ Si(KRZAT, 100 ppm)<} Al
(KRZAT, 100 ppm)S AH&-3F310H, Sigh Ale] Sd%+ 217t
251.611 nm&} 396.153 nmellA] Z7g3skct.

Solid State MAS NMR(Varian, Inova 300 spectrometer)el] 2}
3 ABE 6 kHz= 33171, YAl F917(78.156 MHz)l| 35
= 1.8 ps?] wlolART} IAE Hujo] FES F4ste] YAl
NMR AHEFS JHTEH BA gHE AR 0.5 53191, 5,000
SAsto] Btk TR Sl 59 EFlE S[AIH0)6
in D,0 solution, Aldrich, 98%}% 715542 AR-3I3ITE.

s Fuld] F25F 574 %] (Mirae SI, NanoPorosity-XQ)% 24~
TS 5 250 °CollA 4AIRE R AlRE ZF 0% b7

N A 2ol A ZAIE Tkl SRS Skl
Agol g TR FAF 54 AR 74

(Duksan, 99.5%)2] %& &5 ZALSIITH 18] F1l 0.05 g2 A
o kel A4S F 300 °ColA] 2417 E2F A8k 80°C

ot

&
T

W7}t 2 100 Torr2] %3— Z710]] 3A|7F EQF wZA|7|HA] A
2 2712 245k, o]o] 3A17F Bk vi7|ehEA] 23 gS %



MWW} MFI Al2gjo]EojM mgkgo] geffos #g

F

ALatSict.
A A2k TPD A AR 2 gty ole] e &2k 24E 1
SATH19]. T3 TS B Sl 0.1 g& $17do] 14" AP

Fdel FAg 3 100 m/min®] FERIY7ES, 99.999%)s E&
WA 550 °CollA 2A17F Z A= BIGITE. 150 °CE W¥2het F bR
oHEH 571, 99.999%) HAE F9lste] sk wi7hA] FEA|
7%, X7 B ES &9 oAl 3 dEYokE AlAs)
St} 10 °C/ming] £EZ 600 °C7HA] 252 FoluA gy = of
TYols A% 4% 7] (thermal conductivity detector)’} 2¢ 7]
A A2 e}E 72052 (Shimadzu, GC-14B)& Z7438}5iT}.

2-3. MTO YIS

MTO HH&-2 43t §-82 18T 7|2 ZARIGITH6]. Sl
0.1 g& £170] 12" A 7ol F33tar, AaGld7tA,
99.9%)E 100 ml/minZ Z251A] 550 °CollA 2417 F<F A2
stk 12 °CE 4419 2% (Jeio Tech, RBC-100)°] 0] Q=
g (Aldrich, 99.8%) $7]° A 71545 ml/min)E A
A A 715l AR weheS FulSel Sasielth. ST &
& 350 °Co] AL, #3455 (weight hourly space velocity: WHSV)
=36 hlo® 24319}

A E-LS B2 0] 23} 74E7](flame ionization detector)2} FAlZ
Z ¥ (Varian, CP-Volamine)°] 324 714 A Zv}E 72> (Donam
Instrument, DS 6200)% 41315t} tivdde| 2= vgkea} &
7 W57 sl o, Anld vigkee] Bs P8 e
9] B b MRS AR POt AT 2 AF &
2] e o] Bk 55 WS kS Tt veee] B
wrre] et S-S 7 Ay S E&E YERIGILH

2-4. MTO IS & Z0iof] SXE SZo| 2N

In situ cel (GRASEBY SPECAC)®] 2l FT-IR 347](BIO-
RAD, FTS-175C)2 MTO Rk & Fullel] F2= A F49 £4
S ZARIIEH16]. S 10 mge BFH (wafer) ©.2 TH50] A& 11
Aol AR)8ka, AAAID7A, 99.9%) 71A1ZE 100 ml/min 5%
2 ZHFEA] 500 °CollA] 2217 BF AA BT F A 71550
ml/min) S04 350 °CE W5 3 0.756 ul/min 52 WS-8 F
AF7] B (Stoelting, US/200)Z T84, 4,000~700 cm™' H$]<]
IR A ERE 7|53t}

MTO BFS-of] ARE3E =12 10% 2AM(J.T. Baker, 48%) 581
4 mloll 591 5 ghAbZHE (Yakuri, 99.5%) 8 g& 33| Yol 53}
AIZATH16]. A3 8}ERA (Duksan, 95%)2 718to] 97153 FE3}al,
£ = S FHHIEF(Duksan, 99%)°.% A|ASIICE n-dlak
(Daejung, 95%)°1 31295101 UV-VIS 347](Ocean Optics Incorperation,
USB2000)2 AHEH-S 73t}

MTO BF-g-of] ARE-3F Zvl}= TG/DTA(Seiko, SSC5000)= ZALsH
At F715 100 mimin® 2 ZEHA] Aol 4FE 800 °C7HA|
10 °C/min $E% 55 S2{7b A% 1H4aE S4sI00th

3. &80 & o

3-1. HIS20|ELl SelEEtd YA
MTO HES-of] ARg-38F Al &Efo] E2] XRD i8S Fig, 1o X3t}

DAl TR AR Bel Fnle) B Astell v ¥ 523

MWW(19)

h h| MFI(25)
FAU(15
m Y I T (s

BEA(13)

Intensity (arbitray unit)

N A

0 10 20 30 40 50
26 (deg.)
Fig. 1. XRD patterns of zeolites.

0.5 pm 0.5 pm

Fig. 2. SEM images of zeolites.

AgEto|EL] 54 319 a A A7 )= #3132 Al
[20]. Fig. 201 H.Q1 SEM ARzlel|A] Al&to] Eofl whah QIx} Rofo]
g5ith, MWW(19)8} FAU(15)] 2R= gk 3 3ejo] 12, MFI
(25)¢} BEA(13)9] 1A= Bt gt -340]2lth. MWW(19)] 917k
T 3.5~5.0 um=E o™, MFI(25)9] A= olRth 25 Zo}
0.2~0.5 pm3ATh. FAU(15)8] 1A= MFI25)¢} H]=81o] 0.2~0.4 um
ol e, BEA(13)2] Y4#R= 0.02~0.1 umZ o5 29ttt

AL E Si/Al B8], YA} 27)9} Bk, AlE ), THF
< Table 191 B3Itk MWW, MFI, FAU, BEA2] Si/Al 58]
13~25% H]53koltt, EAAE A& H)5esilon], FAU(15)9] &
0] 669 mYgO 2 71 Zitk. QIAPL ol 2o} Q)Af Afolel] v
ZAIFe] A4 BEA(13)eIA wlzAlE 33171 71 Zick. MWW
(19)2} MFI25)°ll 915 EA|5hd T, v A A g3} v 452 5
7} B Zol S50t

Fig. 30l AM&-3F A& ko] E] NH;-TPD F41& YERf It
MWW(19)8} MFI(25)2] B2 42 &2 33 F 7|2 s 4 9)
o, &2 770 WA Hug L7 AR H|SEEigle). o9}
2] FAU(15)7 BEA(13)2] 22 57412 7 7= 7] ol gle
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Table 1. Composition, morphology and porous properties of zeolites and phosphorous-modified zeolites

Catalyst Si/Al Crystal. - 7 Pore volume )(cm3/g) §B ETf Source
Shape Size® (um) Voicro Voeso Total (M)
MWW(19) 19¢ Thin plate 3.5-5.0 0.17 0.26 0.43 397 synthesized
MWW(19)-1.5P " " " 0.13 0.23 0.36 285 "
MFI(25) 25° Grain 0.2-0.5 0.17 0.38 0.55 425 Zeolyst Co. CBV-5224
MFI(25)-1.5P " " " 0.14 0.23 0.37 330 "
FAU(15) 15° Thin plate 0.3-0.7 0.34 0.40 0.74 669 Zeolyst Co. CBV-720
BEA(13) 13° Grain 0.02-0.1 0.24 0.81 1.05 575 PQ Corp. CP814E
“Determined by ICP.
bProvided by manufacturers, except that of the MWW(19).
“Determined by SEM.
dCalculated by Dubinin-Radushkevich (DR) method.
“Calculated by Barret-Joyner-Halenda (BJH) method.
/Determined by N, adsorption isotherm.
61 55

MWW(19)

FAU(15)

[N SRR [ A ISR DUV AU N
- ]

Amount of ammonia desarbed (mmeol/g-°C)

BEA(13)

200 300 400 500 600

Temperature (°C)

00

Fig. 3. TPD profiles of ammonia from zeolites (solid) and phospho-
rous-modified zeolites (dotted).

2ol MWW(19)2} MFI(25)°] H]
POl & EnolA g3y 9aE
257F 270 °CR1 A= 2 A
o] &= 1]=7} & MWW(19)2F MFI
o1} FAU(15)% BEA(13)0llE 78k A4
F Ak o] Wkt MWW(19)9F MFIQ25)0] 91 &

A7} Fo 53, BF 930] Hugl 2571 ol
& 2EoA vehhs 23 9137} A EolgeiA Q)
735t Ado] Wol Fal| ).

ARESE ALt EL] 2741 MAS NMR Fig. 40l Ye}
Ui}, o= AlgEto] oLt 55~619F 0 ppmellA] F 712 =
7F YeR o u, MWW(19)°IA 0 ppm T4 2] 5327} Adefd o=
ZAtt. 55~61 ppm I Tz APAA] wll$] 2] LFu|Eel] 71915k,
0 ppm] I F3= A vl 9] - g e] dFulEel 7]Q1soH22-
25]. MWW(19)ellM= A w9l 229] &Fnlg 9371 AA Al
Zfo|EQ] F40] Eo] QIR o2 49 YUFu|F(nonframework

1w 2
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[e)

=

AHE &
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MWW(19)

MFI(25)

FAU(15)

100 80 60 40 20 0 -20 -40
ZTAl & (ppm)
Fig. 4. 27A1 MAS NMR spectra of zeolites.

aluminum)©] A7 © 2 wWekt} MFIR25)0IM = o] =7} o} 2
obx Tz T} E9ktt.

ARG AlgEto| EL] Bokat gat A7) AR g@Rkont, Si/Al
], ¥ A, A} WEAlE el ARk o® HlSsiei)
MWW(19)2} MFIQ25)IM & & 5ol E2tE= o} oF
o] Wolr] 733t Abdo] wakont, FAU(15)%F BEA(13)014:= 738t
o] ATk MWW(19)0lls T2 AlgeolEo vjsh &49] &
ool ol 713 P Tt vioktt. Q1S EA|sh A, ulA|
Al g o vl Z2AF L] F3)7h B FolEglon, ek abglo] wol &

3= 3t

3-2. MTO EE2
MWW(19), MFI(25), FAU(15), BEA(13) Al-&El0]Eo4 MTO



MWW} MFI AlgEloEofA Mgkee] SelgoR 7%k Hke-:

100 g

g 80

=

S 60

o

[

>

E 40

O —o— MWW(19)
201 —v— MFI(25)

—o— FAU(15)
o | =~ BEAUY)
0 50 100 150 200 250

Time on stream (min)
(A)

300

(=

A PR WdE BRI Felle] 2 Adlel viaks d% 525

) — MWW(19) ~70 min
3 —= MFI(25)
e = FAU(15)
g_ —— BEA(13)
g 30 -
v
<
8 20 -
-
°
T 10
2
=
0 A
L4 2 (l% 2 /;
(94 (&%) h(. ’/?(jb &

Fig. S. (A) Variation of conversion with TOS and (B) yields of products at around 70 min over the zeolites in the MTO reaction: reaction tem-

perature = 350 °C, WHSV = 3.6 h™\.

100
8*—9—0—\/—0&0__0
yY— v v v A v
g 80
c
2 60
g
[
g @ —0— MWW(19)
S —e— MWW(19)-1.5P
—— MFI(25)
20 —v— MFI(25)-1.5P
0
0 50 100 150 200 250

Time on stream (min)

(A)

300

50 m MWW(19) ~70 min
—— MWW(19)-1.5P
40 s MFI(25)

—— MFI(25)-1.5P

Yield of each component (%)

4 7 ) 4 5
(J'l' (er’ (’ ;(’ , ((,Q cbx
(o
(8)

Fig. 6. (A) Variation of conversion with TOS and (B) yields of products at around 70 min over phosphorous-modified MWW(19) and MFI(25) zeo-
lites in the MTO reaction: reaction temperature = 350 °C, WHSV = 3.6 h!.

H-s-o] Mgk A E Fig. 59 JERASITE. MWW(19)2}
MFIQ5)0lM = Z7] AgHgo] oM, Wks- Algte] AHrsloit 2
shgo] Wolx|] sitl, FAU(15)elM s 7] WSS 91%= =
Skov) Ado] wha] AshE o] 28280l HEHEo] 32%E HolR
o} BEA(13)ollM = 271 dgkgo] 87%31.2m A|A3] Yolxlt.

MTO W&ol &2 2L Algelo|Ed uje} 27 g3t}
MWW(19)llM= C;, C~Cy, C,~Cy 5 A8 Bl 82
=ou}, ¢, 9 WS 3lgtEo] Eod ¢ 9 &2yt o)9t
HIO| = MFIQ5)eIA & C; 8 33k sletiEo] 23 ) 80|
=9tk BEA(13)OIM & C, 8ol 2w W2 W& Aslstd
MFI(25)8} "33 #3271 v]sesiglth. FAU(15)ell = 273 A8zt
e} Hghgo] whEA| Wobglom 7} AgEe] o] ANk o R
woltk MWW(19)$F MFI(25)% FAU(15)9} BEA(13)# 2] o]
WS- el @Adol] AsteA] ekokeh. Teiu A E e A
2 22 MWW(19)ellHE CHE C7HA A8 g3le47) wo) A
/== gl vlsl MFIQRS)IAE C, 9 Wk 3ltEe] Wol A
=t

Q1S X3 MWW(19)2F MFI25)0l14 MTO HHS- A¥E Fig,
6ol LFERASIEE. €18 ©X13 MWW(19)-1.5PollM & HES- A|710]
73 73tol| whet HEgo] ol mhEA| srob Al 2804 AubH W

1= IRy R=1
I_:B‘L—E

o] A2 x=y=|A] ekgkt. 18k Q1S ©AI$E MFI(25)-1.5Po A=
MFI25)el v]3l] Aghgo] =g Gobg ot 242 72 A5k A
Aot Q1o WxZ AYE XS A etk MWW(19)0ll
A& FABHE C, 9] 8o] u TS W EE AES 5
o] 7| 723kt o9} 2] MFIR5)el 91 9xshd ;o &
£0] FOAHA, C,~Cy ¥} Cg o] 80| Gobgnt. QS EX]8t
W MWW(19)2} MFI(25)2] 73t A L7t Z3)s]= A2 vl
BT B4 A3 A2 27 B3 MFI25)-1.5PM C; 2 &=
Fo] okl AE Q1] GAR sk ko] Falulo] A ule]
F7FHkgo] A|E Q7] witoletal A e 4= Lo, MWW(19)-
1.5Pol|lA B4 Asr} =1 BE YR o] Wolx= d4t
= A% A FEle T slth.

MTO W& 5 MWW(19)2} MFI(25)2] Algell &2 A 53
B F71 E29 in situ FT-IR ~2FEHE Fig. 700 231t} MTO HE
So] WayEHA 2,855~2,970 cm™'2} 1,350~1,620 cm™' ]l
FrHETE e s A vlsssh, Al&Eto| el wet Fis
o] W3} Ago] Ztt MWW(19)olA = Whgo] A3 f=
1,352~1,583 cm™ S =7} AX|=d] B]al, MFIQ25)I4= 1350~
1,620 em™ FIETE A 2] AXA] 9%t 2,9607F 2,860 em ™! &
=gl 1,350~1,380 cm™! Sl=E W€l 59 C-H Al

e
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Absorbance

4000 3500 3000 2500 2000 1500
Wavenumber (cm?)

(A)

4000 3500 3000 2500 2000 1500

Wavenumber (cm-?1)

(B)

Fig. 7. In situ FT-IR spectra of materials adsorbed and occluded on (A) MWW(19) and (B) MFI(25) zeolites during the MTO reaction: reac-

tion temperature = 350 °C, WHSV = 3.6 h™.
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Fig. 8. UV-VIS spectra of organic materials extracted from the zeo-
lites used in the MTO reaction for 300 min: reaction tem-
perature = 350 °C, WHSV = 3.6 h™.
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Fig. 9. TG curves of phosphorous-modified (A) MWW(19) and (B) MFI(25) zeolites used in the MTO reaction for 300 min: reaction temper-
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