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Abstract — The influence of acidity in MTT zeolite of different Si/Al molar ratio’s on the catalyst activity in methanol-
to-olefin (MTO) reaction has been investigated. The Si/Al ratio was controlled with the Al content in the gel when N,N,
N',N'-tetramethyl-1,3-diaminopropane was used as a structure directing agent (SDA). The gel composition was con-
trolled to 20Si0O, : 30SDA : x (=0.25~1.25)NaAlO, : 2NaOH : 624H,0, which was subject to the hydrothermal synthe-
sis at 433 K for 4 days. As the composition of sodium aluminate decreased, the particle size of MTT zeolite increased, and also
the amount of acid sites decreased. To investigate the catalytic performance, MTO reaction was carried out at 673 K
with 1.2 h™' WHSV. It was found that the H-MTT (1.00Al) catalyst with a Si/Al molar ratio of 24 maintained the meth-
anol conversion over 90% for 900 min.
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F= A4 P22 A o) E (erystalline aluminosilicate)o] T}, (MFI) Al &2 EZF AREE ] 01| ZSM-5 Al &2 Ex 53x5.54
Algeto| Ex =220l whef vhekeh Al x8l tlEo] SYAl = 3719] 2ka A2} 10712 o] Fol7l Z7k Al Fo] 3aH 07 walsh=
HE 2830 20 M EE AW SiEH o]-§-ESITH1,2]. 1960 TEE 7HIC 2N C~Cq o139 Sl 3= vl A
At A-5318h e SulE4) HY Al&elo] EZL ALRE RS A% Bzt =t e 2 E 42 &89S ¥/ 5Hs methanol-to-
O teFet 725 Ad Algtol EVF Az A APEEglem o] olefin (MTO) &4 4= SAPO-34 (CHA) A|-&Elo| EZ} & A}
T AEFENTA, ol -, G T slshEel AHeE 531 Stk SAPO-34 Al SEfo| EX 3.8x3.8 A Z7]2] AkA A}
ATH3-5]. NZ o] Fzl A2 MF ¥} TAF Zhe 32HdAR] 25 VA

o C~C, AT AR %7} =THS-10]. MTG MTO 5
WetE 2 e gerAE /935S methanol-to-hydrocarbon
(MTH) 3 olA Al &eto] E2] AlF9dT 2718 T35 Qlste] A
AE FL e e QAU ol sk, st Sl
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flste] Adst P gk A EE 7 AL Qlojof gith11,12].

ZSM-23 (MTT) #|&2}o] E+ 197613 9] Plank 5-°] ¥ =2
(Pymrolidineys THA = A= ARSBI] A5 0% AsIg o, o]+
TEZHFEEAZA T e X Foluto] = (N,N-dimethylformamide),
0] A3 2 Holl (isopropylamine), THO] 3-7(Diquat-7) 5] ©]-4-=|
SITH13-16]. MTO BE&-ollA] MTT Al &elo| EX 10708] A4k mE)&
o] Fof%l 45x52 A A719] FZ AT LE sto] Cs~Cy 0179
AE Aot 531, Alee] wapgdol Gl 12k a2 WEF
0] o] AFATH9,17-20].

Liu[21] & o] Xz gols F2fEEd =M AHEsto] &
ZelEAe] S 2dFo2H 30~75 W99 SYAl =PE Ad
ZSM-235 /3330 th. Si/Al EH] 7} 30 ©]5tE wHow ZSM-5%}
ZSM-357} A =Rl o 75 0]} O F ol g-cristobalite B
quartzZ’} FoIF . Lee [22] 52 NN,N N-E|Eg}E -1 3-t]o}n]
32 I NN NN 2-SIAH ' 3 2 91 3-T] ORIV, N, NN, 2,2-
hexamethylpropane-1,3-diamine)= 312 T 52 F ALg-5}o]
MFIS} MTT Al &2t EE 333t 53] 72 EEd e vEs
ZATFOZM MTT Al&eto| E9] Y} BeFs Tk o] gle e
MFI Al&eto| E 9} fAFsF ®eko 2 43519t Molino [23] 52
ookt TR EEA S AFSHe] YAF71E 50~1000 nm 9=
Aol ZSM-23& &/d ¢t &, Y4AA717F MTO RES-ll w[A]&= 4
TS 2RI ol 3h7S PR EEL 2 A1) $49% 50 nm
3719] ZSM-23 ZFvll= 673 K, BT 2 bl 2704 20413 5
ot mlghE: A EE 90% o)) FdS HolFelt).

£ ATl Si/Al ER]7F TR MTT Al&eto| EE §d 5k
Zu o] AT kg Aol wIX = JEks Felstas} st
NNN' N-EHEZHHE- | 3-t]olu| = X 2FS X/ EEAZ
silon, FRIRER S $Hkg 2dsto] T SYAI R E
MTT Al&2po| EE 5130t /3 E MTT Al&efo] E= XA
3] ¥ (X-ray Diffraction, XRD), A} 2141 1] 7 (Scanning electron
Microscopy, SEM), A4 FEA 524, YR o} 52 E2H(NH;-
Temperature Programmed Desorption, NH;-TPD)S AHg-5t0 -2
stelem, MTO WH8-5 53l AP el Wk Svl] 52 371k
th24,25].

2.4 ¥

2-1. =0l ®M=

N,N,N'N-Eet €1 3-t]o}v] = 3 2 FH(N,N,N',N-Tetramethyl-
1,3-diaminopropane: TMPD, TCI, 98%)S T-Zf a4 2 AFES
o] MTIT Al&Efo| ES At Aot &5nlg das 247}
Ludox AS-40 (Aldrich, 40%)2} &FT1AH}E F(Aldrich, Al,O;:
50~56%, Na,0: 37~45%)S AH8-8191 0.1, FASIE & (Daejung,
97%)e &z = ARSIt 3 Bl A gtke} A
TEAE T3 498 ARV EFY FABIUEFS Zof
=l glof) ek 3 2A17F Ft wREske] A|Zselct. ofu] o
FRIAGEF ] s 2dskglon, o] 242 20800, :
30SDA : x(=0.25~1.25)NaAlO, : 2NaOH : 624H,0°] 3t} &4
RoNE 49 FRl 433 KoM = FAATE 74 FAEE A Ee
ANE 3§ FHFE AFEICH, 373 K 220fA] 12431 9]
7 7zeh 3 823 KellA] 641%F 5t skl FRFEEDES Al
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ABIATH 2% A EE | M AR E 90 7 353 KollA] 24
Bt AEF o]0 7 WS T 823 KollA| A/dste] H-3C
Fom, AFUAGER FFS w2 LUERY o] H-MTT

222, Fi 4 M

AT H-MTT Al &efol EC] AA 3= X-A 3] 8 E417]
(XRD, Rigaku, D'/MAX Ultima S AH&-8Fo] &1kt X-A1-
Cu Ka (4,=1.5046 A, 1,=1.5441 AyS AR89 o0 7153}
T 27 40 ke 40 mAITE XA 3178 Bl 2~500 H 9] of| A
0.02° 7HA o7 S5l on, 34 FAF A ESYHeE
T

PAA7) 9} Kok FARAAE M Z (SEM, Hitachi, S-4700)°. %
FRI511 01, Si/Al Bl SEM®]| F-2H8 U X A #3474 7]
(EDX, Hitachi, EX-200)= ER15}3]{t}. Al &2lo] L] ]3] 5 A%
EAL By)2] & 24X (Micromeritics, ASAP2020)2 743+ A
& FEe2AAM ZARBFAT
= Hd = A4 7] (BEL Mass, BEL Japan)7} -2H&

Kol
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chal Xl of| A ZALsEITH26]. Fl 0.05 g& 773 Kol
AE 7}~ (Daedeok, 99.999%) Z&]HA &4 3}s)
Stk 323 K=E W7hsk Al 5ol SRy ol7t (Daedeok, 1000 ppm
NH,/He balance gas)& Z3Fw|7424] F2A1Z] 5, 1AI7F 5 AF
7IAE EEwA Ee] S&39 Yol AlA S 50 ml/min
AF 715lA 10 K/min S5 1073 K7H] 55 S7HA)7|HA
225 e oo} F LS AR 7|2 B89t

2-3. MTO %S

MTO WH&-2 A Oé%llﬂr/]ii(size: ®10 mmx2.5 mm, nominal
max. pore size: 40~100 um)7}F A1 ¥ €173 0] 172 inch®] A H o=
T4E 2T ST 1ed Fal) 0.1 g2 TRk Adtellr] 43813l
718 50 m/min®. 2 Su A 823 KollA] 1413} ¢ 43}
gk Sl 5 673 K 32Heh - Wlehe-2 91 ak3lth. wRk-E-(Aldrich,
99.8%)> 285 KZ 54 ¥ &2 (Daewon Science, DS-250WL2)
o] 29 FH7)E 30 mi/minC & E3sh= AF7|Fol| 345k
o) Zell FahAtH19]. W& 673 KellA] 1.2 h1e) 345
(weight hourly space velocity: WHSV)E -25h 2184313131, A
e B o3t 1271 (FID)S} BAIE A | (Agilent, HP-PLOT Q,
30 mx0.32 mm)©| A2+ 7] A A 2 ehE 712 (Agilent, HP6890) =
ARgate] EA I WiEhES] A3ES AN HEkE =75 ¥
Fe RS 2 E o] AXletglon, o] Wi HEE vHEe|
HEE bR itk =S 82 A= =l 4
7}o) ¥4 7 E ek g I ek E5E vro] Al

oH27].

2-4. MTO 2IS0f| ALZSH S0l &AM

MTO 4Hg- 5 Fvll Uloll FA =] Q= gha e A5
71(TGA, Scinco, N-1000)E5 AFg-3k0] =204 1173 K714 %
shAX S T 1A A olA Atskeln. =3 A7 34
B 0] AAIAE ZARE] S5t ARk E T 3371 (ESR
JEOL, JES-FA200)5 AF8-5}0] 2204 ESR A EHS =735}
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9t} 9.17 GHzS] X Wi ulo] A2 343 A 8ol ZAVeFG o, 1]
9] g 7S DPPHE] g %H(g=2.0036)7 H]walo] A I3TH28).

3. 2u ¥ 0F

3-1. H-MTT HIS20|E2| Sz|3lstx ME

g mole] Ao ARG EF ] S 0250014 1.25
742 gejste] A E o] XRD S 432 Fig. 10 F2lsks]
o} o]l AR AR EFO SeFa) B }l0) BE H-MTT
s w3l Rae A 2 dAshks MTT 729 Sd9s-s
BATH22). vk, FUIARER-S 0252 243519 §d8 H-MTT
(025A12] S E9E(Fig. 1(e)°IMi= MTT A&} E 2} o-cristobalite
of jFsh= 314 937} SAlol dER 7 A& et EVF 491 &

(e)

(d)

(©)
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10 20 30 40 50
2 theta (°)

Fig. 1. XRD patterns of MTT zeolites with different Al composi-
tion: (a) H-MTT (1.25Al), (b) H-MTT (1.00Al), (¢c) H-MTT
(0.75Al), (d) H-MTT (0.50Al) and (e) H-MTT (0.25Al). The
black and red sticks represent the MTT and a-cristobalite
phase, respectively.
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N
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A H-MTT (1.25A1)= =7]7} 9]
leh = Utk YFHAIEF o] AaT45 QA= 1A
AA 3L, H-MTT (0.50ADN1A = 2F 1.4 um<! 1A7F A4 =] Sl
= ARV EF O] Shafo] A aEE YA H = Q1Abe] A7)}
S7VE & Stk 2y ARG ER S o) o} A
H-MTT (0.25A)2] 7-9-0lli= YAt Bofat 2717 B2l et 3740
BT mebA o] A7 T 2o = GFVAERS]
°] 0.50 o]l AN =423 MTT 125 4S5 Uit

Fig. 32| A4 92 524 Ay25E vAAgo] & ady

=
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Fig. 3. N, adsorption-desorption isotherms at 77 K for MTT zeolites:
(®, O) H-MTT (1.25Al), (M, [J) H-MTT (1.00Al), (A, A)
H-MTT (0.75Al), (¢, <) H-MTT (0.50Al) and (¥, V) H-
MTT (0.25Al). The open and closed symbols represent the
desorption and adsorption branches, respectively.

Fig. 2. SEM images of MTT zeolites with different Al composition: (a) H-MTT (1.25Al), (b) H-MTT (1.00Al), (c) H-MTT (0.75Al), (d) H-MTT

(0.50Al) and (e) H-MTT (0.25Al).
Korean Chem. Eng. Res., Vol. 56, No. 4, August, 2018
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Table 1. Physicochemical properties of MTT zeolites

AEE Ad MIT Alzeiel =9 39 8l Sl54 oA 603

Catalyst Si/Al ratio” Surface area (m?/g)’ Pore volume (cm?/g)° Acidity (mmol/g)?
Gel Product Total Micro External Total Micro Total Weak Strong
H-MTT (1.25Al) 16 183 202 155 47 0.21 0.07 0.81 0.50 0.31
H-MTT (1.00Al) 20 24.0 202 140 62 0.22 0.07 0.74 0.45 0.29
H-MTT (0.75Al) 27 293 223 169 54 0.16 0.08 0.67 0.40 0.27
H-MTT (0.50Al) 40 432 164 128 36 0.12 0.06 0.33 0.23 0.10
H-MTT (0.25Al) 80 86.3 52 39 13 0.09 0.02 0.14 0.10 0.04
“The Si/Al ratio obtained from the EDX analysis. *Surface area obtained at 77 K using nitrogen. “Pore volume at P/P;=0.99. “Determined by NH;-TPD
analysis.
(e) ATEMANJERF 9 dtako] o] E5E H-MTT(0.75A17H4] 2RAHH
oM Bk Aot diA o wgkom Tk o] ok AL
B TE H-MTT (0.50Al), H-MTT (0.25A1)°14 & Si/Al B]7} 43.2
(d) 9} 86.30.% =17 Tkl Abi €] ofo] Fasiglon, o R
o} ArEo] AT T wo) gt 212 Sl
2
g s — © 3-2. MTO Hk2
E T H-MTT 9] kA7) ohe ko] Aakast Pgae] 5
&5 27 Fig. 59} Fig. 60 YRt H-MTT (0.25A1)= A 2]
(b) 3 BE Zuoll N 99% o] A4He] 27] AEE-S FEATh H-MTT
(025A12 HH-2= 673 K 9 9] ZFabd o] tfE Sl uls)) 27
@ W) uhel 65%2] W 27] AES ngov, ke ®
oF} 717} EF &3kl a-cristobalite”} A F o Q7] wjEo o
' 4(;0 l 5(I)0 ' 6(')0 l 7(I)0 ' 8(|)0 I 9(I)0 I 1000 A JHHO]—— B A 0= 5 M A Al 5

Temperature (K)

Fig. 4. NH;-TPD from MTT zeolites: (a) H-MTT (1.25Al), (b) H-MTT
(1.00A1), (¢) H-MTT (0.75Al), (d) H-MTT (0.50Al) and (e)
H-MTT (0.25Al).

MTT A&t EZF I 52 & 5 itk 53] MTT Al&eto]
E9] nAAlE 542 Tl AREst RN ER9| Shdol F7
PEFS A] FE-S FRIE = JUUTh GF VG EF 9] §Hgo]
0.50 °|3}=2 Solx| H-MTT (0.25A1)°M = A i F2keo]
w2138] Aobxlom 1% koA glatgl o] rlAAl o] Sl
a-cristobalite”} 4107 A4 Q?}l | WjEo = Helt}

Table 19 4FNAIEE S-S FHsl0] eet MTT A2t
Eo BF, AFRy], si/Al vE VeIt dE A ER
9] gaFo] =2 H-MTT (1.25Al0), H-MTT (1.00A1)2] H] EHE &
202 m¥/gO = B]5EI om, Algs] 9IA] 0.22 em3/gO Z HISE)
Stk dFRAEF Q] o] 0,752 W H-MTT (0.75A1)2 H]
EHZo] 223 m¥gl & AFA T, WA Aleie 23] Hhst
ST}, O]5= Fig. 39) A4 FET2A A BTo] BE MTT Al
2lo] E= QA Alolof] A E FFOR Qlato] S| AH| YA A7}
ERUAEE B3] A7} 0.5 umE 2 H-MTT (1.25A1), H-MTT
(1.00AD2 =} Atolef] & F7te] A= Algy-3]7) F71sH7]
wizo]tH30].

H-MTT Xﬂ.&;q_o] 4 ‘l. 4_’5 o)l L]O]— Z:_S’_El—;‘d—:xl/q Oil?_ﬂ
231990 Fig. 4). B8 Sl 473 K, 673 K] 25014 F 712
JIE HojFEglo tﬂ 573KE 7152 2 473 KollA e = 935
oRabA o] 2 oFR o} 673 KoM UERFE 932 A1 o
2 Qo hate] AP 2] 9 Table 10 YFERI ST

o [
n
ol

o]

o

rl

AHd 9] oFo] W2 H-MTT (1.25Al), H-MTT (1.00Al), H-MTT (0.75Al)
2 75‘%011— 95% ©]/-9] A& 370374 FAISF 2 v

o] A s vhE &A% Ass etk H-MTT
(0.75Al)% H-MTT (1.25Al), H-MTT (1.00ADX.t} Aoz &
AR5 7o 2] AAuF-ellA =/ ko 7 Ql3te] ;4 o]
o] ZElo] gol AFEIGen Bk A o7 Qs /A s}
w27 M3 E 0™ H-MTT (1.00A1) 90% ©]72] A-&-S

100

80

60

Conversion (%)

20

0 T T T T T T T T T T T T T
0 200 400 600 800 1000 1200 1400

Time on stream (min)

Fig. S. Methanol conversion of MTT zeolites on MTO reaction at
673K and 1.2 h'! WHSV: (@) H-MTT (1.25Al), (®) H-MTT
(1.00Al), (®) H-MTT (0.75Al), (®) H-MTT (0.50Al) and (®) H-
MTT (0.25Al).
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| | | | o C2~
80 - | | | | C2~C3
| | | | m C4~C4=
| | | | mm C5,=~C8,=
| | ! ! = Aromatic
: : : : C—3 MeOH+DME
. 60 -
o | | | |
S I | I I
= | | | |
o | | | |
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0 600 1200 0 600 1200 0 600 1200 0 600 1200 0 600 1200
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Fig. 6. Product yields of MTT zeolites on MTO reaction at 673 K and 1.2 h! WHSV: (a) H-MTT (1.25Al), (b) H-MTT (1.00Al), (c) H-MTT

(0.75Al), (d) H-MTT (0.50AlI) and (¢) H-MTT (0.25Al).

100 ---'----__ EEl Methane
= 5 N Ethylene
- Propylene
o0 - 1 c2~C3
B C4~C4=
— [ C5,=~C8,=
[ Aromatic
60 :I MeOH+DME
[ o )
4
< L
=
2
> 40 -
’- i L
20 | itt-LLL
% ilal=0=0- = L]
!l ‘ ‘ |; ‘ l —‘ | 7] "J [ ‘ :
o [ L L I
0 200 400 600 800 1000 1200 1400

Time on stream (min)
Fig. 7. Product yields of H-MTT (1.00Al) zeolite on MTO reaction at 673 K and 1.2 h" WHSV.

A2

900:&7HA] A8k PR A EE T I e
I Uk H-MTT (1.00A)2] W& F&2 Fig. 7014 20|
z71°0 50% ol’del ¢, ~C,” AELH W F&E Helow, vt
AYPAF= @4o] HH o7 Qs B A7 Al2tE o] B4
a1 gk C, oo SelRlo] Tkl A dS Haitt.
o 7 244 0 ZHE] MTO WH-of AR-3F Zu)j ] ¥
et 673 K= 7150 % 1173 K7HA 2] A3k 7+

SHUE 6.5%, 6.0%, 6.2%, 4.7%, 1.8%2] B4 2 kS gela}
ST, MTT (0.50Al), H-MTT (0.25A1)2] AF 2] oFo] 2]7] w0
Al mE A Fewo] ghh F A ofo] A o= A9l 7
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Ab7 9] oFo] H]523F H-MTT (1.25Al), H-MTT (1.00Al), H-MTT
(0.75AD)2] BHA A 6.5~6.0%0] ATt

MTO ¥F-g-ol] A&-3F Zmjj¢] ESR AHE Y-S Fig. 90l YFERAS

CEE MTT Z9jollq 3275 mT= 71508 ¢ el A9 E
Ho] #E| gl a1, A Eel whet A15] M717F ERkeh ESR 2~
Efe A71& MTT S0 dlol] R4 vhae]akssgt=e] &
Hlglebe, thaeEssigteoe] wegs Alse] A7 Azt
[28]. H-MTT (1.25) ZH3LE] Si/Al ZH|7} ol d =2 2135 9] A
717} s 2e <& S olnk o] 25-E MTT )| Yol thare
WekEslitEe] sk Ao gt



cjaet QA9 AMES A MTT Aleio 9] g 9 Sy A 605

|
|
|
|
|
|
) |
> |
e |
v
» |
= [
-1 |
=
2 !
g : Catalyst Weight loss (%)
| HMTT(1.25A1) 6.5
90 |
: H-MTT(1.00Al) 6.0
i | H-MTT(0.75A) 6.2
- |
. | H-MTT(0.50Al) 4.7
. |
| H-MTT(0.25A) 1.8
86 T T T L T T T T

400 600 800 1000

Temperature (K)

Fig. 8. TGA curves of used MTT zeolites: (lll) H-MTT (1.25Al),
() H-MTT (1.00Al), (Il) H-MTT (0.75Al), (ll) H-MTT
(0.50Al) and () H-MTT (0.25Al).

Intensity

T T T T T
322 324 326 328 330 332 334

Magnetic field (mT)

Fig. 9. ESR spectrum of used MTT zeolites: (lll) H-MTT (1.25Al),
(Hl) H-MTT (1.00Al), (lll) H-MTT (0.75Al), (M) H-MTT
(0.50Al) and () H-MTT (0.25Al).

4.2 B

B AFoaE TG EE4E NNV N-EHESHE-1,3-tlo}u]
LIRS AR EUAERS] SRS 2dste] o Si/
Al 202 2 MTT Al &eto| ES g elal BA-S HA819ith
XRD 32 A A2 5E H-MTT (0.25A1)S A28+ MTT A
Soto|EL 1f0 HaE ®lon, YR ER] §Heo] 7t
gt whel MTT #Al&eto]| EQ {1z 2717} S7Fekar A o] oF
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