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A Comparative Study of Methanol to Olefins over SSZ-13 and RUB-50 Zeolites

LI Peng, ZHANG Weiping , HAN Xiuwen, BAO Xinhe"
State Key Laboratory of Catalysis, Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, Liaoning, China

Abstract: The effect of cage size on the catalytic performance of SSZ-13 with CHA structure and RUB-50 with LEV structure has been
comparatively investigated in the methanol-to-olefin (MTO) reaction. The zeolite structure and coke deposit were characterized by X-ray
diffraction, N, adsorption-desorption, solid-state NMR, thermogravimetry and UV-Vis spectroscopy. It is found that SSZ-13 zeolite with
larger cage size has better stability and higher propylene selectivity in the MTO reaction, while RUB-50 zeolite with smaller cage size has
higher ethylene selectivity. Most of nonframework Al can be extracted, and the acidity is altered to some extent after the zeolites were
washed with dilute acid. However, this would not obviously change the ratio of propylene to ethylene in the products. In addition, the volume
of carbonaceous species is dependent on the zeolite cage size. More ethylene would be produced in the zeolite with smaller cage size. Thus,
the zeolite cage size is very important in altering the ethylene and propylene selectivity in the MTO reaction.
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1.1 ERFIEE &

NaRUB-50 (Si/Al = 13.3) Fl NaSSZ-13 (Si/Al =
13.2) 43 79t 4 [ BASF A #] $#24t. NaRUB-50 43
TG T VES IR [13]. Na By F i i
AT i FE A B H By 10 K 1.0g 2 T s
10 ml fit§ 1% £% %5 Wi (0.4 mol/L) 78 23 & 3441, 1E 80
°C [HI¥ 2 h, LA 2 Ik, L UEVER TS, 7 550
°C K5ke 3h. MRACBEIFEQW T Bldl 5 ml M6 SRR
7 (0.05mol/L), 5 0.5 g 73 F ¥ 78 /0 i &, &l N1
HHEFE 12 h )5, g, Pk, M. SSz-13 M
RUB-50 M ¥t 4 # J5 0 A & 20 7l bx id b
SSZ-13-wash I RUB-50-wash.

1.2 BFIRRIE

FE B AH 45 #4 4 Rigaku D/Max 2500 4 X 4
LR R AT (XRD) AX L 5E, Cu i, & K 40 kV, 4%
W 200 mA, FHH V8 H 26 = 5°~50°, $9 43 % 5°/min.
N, WK Bt - B BfF 52 36 T-—196 °C F £ Quantachrome
ASAP 2000 Y15 Bt A% b EAT, DK T AE S AE 350 °C
7K 10h. HeRMAR H 2 &0 BET ik &, B4l
IRFRAE plpy=0.99 K5 3k1.

K% R 3 P8 (NMR) £ 56 7€ Varian Infinity-
plus-400 74 A% ff 35 P 0% 4% 347, Al MAS NMR
LR ILHR AR 1043 MHz FRAE, 3 10kHz, 21
1 024 %, KM n/4 kol (1.8 ps), MG EER 2 s, fL2E A7
UL 1% W RS /KW 2 2% Shbr. S MAS NMR
WAL PRI 79.4 MHz TR, Bl 4kHz, (L2E47
F CARE N T IR 81 (DSS) 4 2% Ak, 2111024 IR,
K /4 Bk (215 ps) R IR 4 s. 'H MAS
NMR 3R 67, Fra AT 450°C Al 1 mPa B8 F
fii 7K 20 h, 76 LHRATK 399.9 MHZz R R 4E, Hi ¥4 5E iR
4s, BN 80 YK, #k 10 kHz, fb ¥ i # LL DSS K%

FHbr.

WE (TG) 5L % /E Perkin-Elmer 1700 7 3 #T{%
AT, FEA & 10 mg, TR R 10 °C/min, 25,
JitH 100 ml/min, i B2 5 N %05 21 900 °C. 250 °C
I P % TR U S P BRI B RIK, T 250 °C~700 °C (1)
RAEABUR MR B LR, DLk Ay JE T HBUR 5 &.

AN L (UV-Vis) 6 il 28 4E RBUm A b 10 o 72
S CHR[14]. % BIAE Jasco V-550 72 41 it 4% L
KA, WK VEH] 190~800 nm, $9 43 % 200 nm/min.
1.3 LIRS IEM

PR B A S B A P Ak 2R ] IR e 1. 4 v 3k
17, SN BE 4 400 °C, AL 71 81 & 60 mg. 1Y
M A v RN, ety 1) 77 AgE k), o 3 i B 1
1 26.1°C, HEEM 2538 2 h' . B KO N AT, A
LFILE Ny S FF 450°C 3546 1h, SR G 215 5
TN AT RN AL HP 6890 B {f
TELE LR AT, SR FID A3 2% A1 HP-PLOT Q A % 41
(30m).
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Fig. 1. XRD patterns of SSZ-13 (1), SSZ-13-wash (2), RUB-50 (3),
and RUB-50-wash (4).
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Table 1 BET surface areas, pore volumes, Si/Al ratios of fresh zeolite
samples and coke contents of spent zeolite samples after reaction for 2
h

Pore volume Coke content”

Sample Aggr/(m?/g) (emlg) Si/AI* %)
SSZ-13 746 0.46 21 22.2
SSZ-13-wash 837 0.47 23 21.4
RUB-50 667 0.55 17 21.5
RUB-50-wash 617 0.49 23 21.1

“Calculated from *’Si MAS NMR.
"Calculated from TG profiles.
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Fig. 2. Al MAS NMR spectra of SSZ-13 (1), SSZ-13-wash (2),
RUB-50 (3), and RUB-50-wash (4).
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Fig. 3. »’Si MAS NMR spectra of SSZ-13 (1), SSZ-13-wash (2),
RUB-50 (3), and RUB-50-wash (4).
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Fig. 4. 'H MAS NMR spectra of SSZ-13 (1), SSZ-13-wash (2),
RUB-50 (3), and RUB-50-wash (4).
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Fig. 5. Catalytic performances of SSZ-13 and RUB-50 zeolites for
methanol-to-olefin (MTO) reaction. (a) Methanol conversion; (b)
Olefin selectivity; (c) Ratio of propylene to ethylene. Reaction condi-
tions: WHSV(MeOH) = 2 h™', catalyst 60 mg, 6 = 400 °C.
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Bk, WLLE M, 7ERNAIGEE 3h N, SSZ-13 4rF
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RS EE ST Syt /B

SSZ-13 F1 RUB-50 4 f- i I [ IV 2 h P WY Jige
ETE 95% UL b, P ke e FEVETE 80% LU F. iX
Wi B A AL T TARRES, I8 N R TE I B
MR TR AT 2R3 1) . B4l T LU SSZ-13 il
RUB-50 - TR I Rl 245 FHS LA 1) 22 530 (LT 5(c)).
I, SSZ-13 4 i I, LImIEFEEA 35%, Mk
FeVEN 47%; 1 RUB-50 4310 L2 5k 44% A
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RN, RS FL I m] BEAT 2, S I 1 Bl AN
RE 5T 4 S B4R K/ X I R B R e . A T
HE— 2D W95 790 28 RS MTO s B 7= ) 3 8 7%
(52 m, FATTIE R M. 2 h J5 B IS (AR b AT
7 TG Ml UV-Vis F1L.
2.6 RNMEHGE TG 5

t TG M2 515 5 V5 FF i R 2 1 WK 1.
SN 2h J5 SSZ-13 F RUB-50 43 19 b A &
w0 (21%~22%). B 6 &K1 DTG fi k.
AT L, SSZ-13  F R i 2K T A% Ak 3 26 e KAL)
IFEZ) A 578°C, 1 RUB-50 41N 540°C. X%
W EACN I SSZ-13 EHE 2 12 2 A AR R M) A, ik
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Fig. 6. DTG curves of SSZ-13 (1), SSZ-13-wash (2), RUB-50 (3),
and RUB-50-wash (4) after reaction for 2 h.
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Fig. 7. UV-Vis spectra of SSZ-13 (1), SSZ-13-wash (2), RUB-50 (3),
and RUB-50-wash (4) after reaction for 2 h.
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AF MTO [ N H £ FITR 9 3 2k
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