4 W & T

PETROCHEMICAL TECHNOLOGY - 1075 -

2013 45 42 BE 108

Cu-SSZ-134F i Xt R EEFE4L H 16 18 I B BT BE

w E, F M, Bk, ERIK
(KT k2 FERFS0 T, XE 300380)

[HE] LB I SRR S ERTE BT RG4S LM Cu-SSZ- 13471, X H#T TXRF, XRD, SEM,
FTIRFIN, I - B34, %2 T Cu-SSZ~134F it B Bk fh i (MTO) RALAUHEALIERE, AT Cu-SSZ-134r F iR R
EIREMT TN, BEERDR, ABACu-SSZ-134 Tk R+ 404 ~ 5.0 pm, #BHHN3.7, EREREH, Cu-
SSZ-134r Tt xtMTOR BLEA ST BT e R e 3, FEFIR R AI60 minfy, FEERILEN100%, ZMWHNRE KL
PE S 3A87.3%, W RIEMCU-SSZ-130 FHidb AT 10k FAE AL, A BN FikEa SHes FRAALRMRLTEYE, Cu-
SSZ~134 - Fif Sl ity EE R E R

[ 48R ] Cu-SSZ-134TImfiLs; RS, W2 ImTH

[SrEHE ] 1000 - 8144(2013)10 - 1075 - 05 [hES#E] TQ426 [XHffrERE ] A

Cu-SSZ-13 Molecular Sieve Catalyst for Methanol-to-Olefins

Su Yu, Li Yuan, Deng Yunshui, LiXiaoging
(School of Environmental and Chemical Engineering, Tianjin Polytechnic University, Tianjin 300380, China)

[ Abstract ]| A Cu-SSZ-13 molecular sieve catalyst was prepared with a complex of copper sulphate
and tetraethylene pentamine as the template and characterized by means of XRF, XRD, SEM,
BET and FTIR. The performance of the catalyst in methanol-to-olefins(MTO) was evaluated and its
deactivation was investigated. The characterization results showed that the catalyst was Cu-SSZ-13
molecular sieve with crystal size of 0.4-5.0 um and silica-alumina ratio of 3.7. The reaction results
indicated that the Cu-SSZ-13 molecular sieve had high activity for MTO, the methanol was converted
completely, and the highest selectivity to both ethylene and propylene reached 87.3% in the reaction
beginning 60 min. The activity of the reactivated Cu-SSZ-13 molecular sieve catalyst was almost
same as the fresh one after reactivation 10 times. The FTIR result revealed that the deactivation of the
catalyst was due to carbon deposition.
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BFHREd 4, BUARIRHE, MEBEILS"'. UOPHN
Norsk Hydro/A 7] © 857 T —&UOP/Hydro-MTO
TRVEEE T, LIPMEBISAPO-344> F i M4k 3,
FH BEREAL R AR HR100%, 20 M 3R 36 80%
PLENOTY S BRI T S A R B v
HRIERR, RABERTEFLZ RN, %
AT RO A A DI E, AT T 2 i fE A A
BFutb, HFRRE T HEALFI A FIRR . SSZ-134)
Fii B 5SAPO-344 F R L5, XMTO
RN R BB EN, BEeRrE Y 2R E
SRIEMTIN, N, N- =R 2R RIS S s, ZH
MM B i, BEAR T BB . RenZ " LI#M#E
IREEHY Y 2.9 Tk (TEPA) S5HiBREARY R &4 (17
R 4E ), 0 MCu-TEPA) A # 4 T
Cu-SSZ-1343F i, 1EHBMCHAZEMIMRIRS 5 ATE
PEZHSrCu, AT RIS REEI LS ~ 15, MATRE
H9% ~ 10% (w) BICu-SSZ-1343 17, (HARXH
FTMTOS I BEAIAIFSR o

AR TR LU B4 & ) AR A B T IR 4
ELBICU-SSZ-1370Fifi, AT TRAE, FHHEe
T EXMTOR b BIHEALPERE,  [RIES XS 4 7 IR R F
577 93H

1 SERE

1.1 EAeFIRHE

TEBERHEE n (Na,0) : n(ALO,) : n(8Si0,) :
n(H,0) : n(Cu-TEPA)=5:1.0: 10 : 200 : 2.08
WIHEBERAR B A M Cu-SSZ- 134T, EAf#fe
SBUNE . #5.612 g CuSO, + 5SH,0 (4ifF99%, X
HEMTRME R A R A R 15F29.559 ¢ B F
KR, FFMIAL.840 g NaAlO, (4ifF99%, RIETE
BXSUAL T ) . #EHE0.5 h, {%)04.871 g TEPA
(2liE95%, REMFHERMFRFMARLA),
RSP S FEA3.704 g NaOH (45 96%, X
AL REAZRAT ), B 0.5h, FMA
16.642 g 40.06% (w) MIEEERE, BiFE2~3h, A
RIE N R 2, 72140 CT AL
3d. RMSERUG, B RAEEFRER, H3%
(w) FUNH,NO,F R & F 2812 h, FH7E100 CT
T4 12 h, FESHYHTFS550 C TR, B2ICu-
SSZ-134>Ff .
1.2 BEUFINRE

R RSB KRB A FTARL PERFORM'X
RIX AL AT IT R 53 R FIRigakuls A

D/max2550R X SFFEAT ST M it Cu K,
2%, P10.154 056 nm, FHLFE40KkV, EHE
150 mA, HIEHEFES(°) /min, I FES5° ~ 50°,
K FiHitachiZ\ 7] S-4800%43% & 3 i T BB
AR MR TIEAR, MEEBIES ~ 20 kV. RAKRH
HEREHE & Ry A PR w] B FTIR-65076 {6 B nj-
IR LT AT R TR TIREAE , ECER
390 ~ 4 000 cm™ . KA MEER FE AT
PR BIIW-BK 1128 H R WA IR 09 He R i
1, MR RTRAFEAES00 CFBA2 h, FAHSABET
HITE
1.3 EUAFIHER

F2 N R B (S H B AIK) R R R R
JEHEANEWEE, BREFINLFER RS 5
B —E 0 L BHE & B #E AT (TR 350
C), BREHARIAS . R K380 mm x 10
mm x 1.5 mmEBIAFERHE, W1 gER, @i
PIPTFHE, e PR EEIRZE450 C, LR
SEIATE ROV AR SETREE, SN IR B p )R E (A
W RIEESET Y N EERR, BB
SrETE, BRI R, A HE
RRBEASHURE

K L ZR 48 1 H AT A T XA A R 1 GC9800
RS A EIEAU A =PI AL, HP-PLOT Q (Divinyl-
benzene/Styrene Polymer) 4354, #A&30 m x 0.53
mm x 40.0 pm. R BN ELIN,, R
[£0.05 MPa; #REESMH,, F770.05 MPa; Bh%
S ohER, E10.05 MPa; FIDK; #iR . Kfb
FIRE . KRR 251480, 250,250 C.

2 HiR5ihe

2.1 Cu-SSZ-135 FliHIRMEL R
Cu-SSZ-134Fii I XRD L WLIE 1, N,
BB SRR L2, FRIEILRT L, SR AARAE 0%
{8 (260=9.7°, 13.1°, 20.8°, 30.8°) #BSHriERE Kl
EF S AR, KRG AREIRRE R Cu-SSZ-13453
T, B MR CHARIRING My, HigE ok
HFLCUO (26=35.6°F138.8°) B.Cu,0 (26=36.44°)"'°"
AUFRIELE, EBACUITE A MmS). BRI, R
T BRTN U8 6T — ot o S5 VLR S BRI 1 T B4R (4K HR
TUPACHI472K) , TEEAR AT ) T W Fff Bl
B, RE— AN E S R MR B A, 2K
FLangmuirf (i S1EZL . 1 BUHERAFE SRR
FLIR B9 (43 F0f . SALiE M) B MFLIE SR



10 3 o OEE . Cu-SSZ-134>TF5 %t B Wk Ak s 2 SN M i

- 1077 -

%, AR E ST HALE SRR FEARXT R

INTFETOISHITE R NS S, S1TEES|Cu-
SSZ-135F IR L RE AR 4557 m¥/g. TCEAHTES

RER, Cu-SSZ-134rFiiagaEsR b A3.7,

Y

0 10 20 30 40 50 60
20/°)

Bl Cu-SSZ-1343FiiHIXRDIE A
Fig.1 XRD pattern of synthesized Cu-SSZ-13 molecular sieve.
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Fig.2 N, adsorption-desorption isotherms of the
Cu-SSZ-13 molecular sieve.
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SEME R WE3., MWEIBEEH, DS EIR
R -E BL A Cu—SSZ-1343 T B Sl RRE A2 43 A
3%, #04~5.0pum,

5.0 pm

3 Cu-SSZ-134FRISEMEE i
Fig.3 SEM image of the Cu-SSZ-13 molecular sieve.
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Fig.4 Methanol conversion, and selectivity to both ethylene and
propylene vs. TOS on the Cu-SSZ-13 molecular sieve catalyst.
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30%(w) methanol-water solution.
m  Methanol conversion;

® Selectivity to both ethylene and propylene

©
i

Noow

[SER=)
.

e

NN
-
—

N
&

—_
0

Ratio of ethlene to propylene

T\

s

=)

N
S

1 1 1 b d
50 100 150 200 250
TOS/min

FlS5  Cu-SSZ-134+F i [ 2. T4 Lu BB AL L A 1] (¥ 284k
Fig.5 Ratio of ethylene to propylene vs. TOS on the Cu-SSZ-13
molecular sieve catalyst.

Reaction conditions referred to Fig.4.
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AR, §ER AR FE 25 R B R A,
S ERTR; Mi2r=1060, LAY BN SED
B, A RICu-SSZ- 134T if B9 Wk B F- 344U A
0.782 76 nm, p=101.325kPa, B ZERFH, LA
VHONSERYE, VT REREEEZR T 58
RERERIEM, T2 A R s £,
BoddR R /IR E R a8 B P Yi7E s
FiENE-RERKENEERE., —BkiL, 524
B4 F i db kR AR M TOMAL T B A & s 15 %
BB ARDERMZ —, TESFIRNELIER
F, BRI IERE, X —
T ER RN R B PR, AASRANGE BB A F O R
M2, mEsit— 2R, ALREECu-
SSZ-134rFIE M i, PRILERK, E&H
RN RRERGR, SERRE S A4 .
2.3 Cu-SSZ-134r FisHfaE i

Cu-SSZ-134rF I & 10K Kk K RE R FHA
J&, SIMTOR b ERE 1, NRIWE
H, Cu-SSZ-13/rFIifig 100 RIEHAE,
MTO SN B AL PR RBATS 5 B 4 T Al I, 158
o P AA R ENE.

*1  REFEFCu-SSZ-134 TIRBIMTOM L fE

Table 1 Performance of the Cu-SSZ-13 molecular sieve catalyst after

reactivation for methanol-to-olefins

TOS/min ?electivit?//% _ _
C, Cyy C, C; C, C+Cy

20 258 649 6427 2090 0.17 85.17
40 2.13 4.67 59.09 28.17 3.94 87.26
60 2.15 1.16 5697 2952 3.8 86.49
80 2.00 5.03 1642 1052 13.88 26.94
100 3.00 4.81 1531  10.03 1.53 25.34
120 5.58 5.29 14.23 9.86 3.18 24.09
140 2.50 4.75 12.21 7.48 1.49 19.69
160 4.84 3.65 10.91 6.54 1.33 17.45
180 2.38 5.75 10.45 5.90 1.17 16.35
200 1.13 3.66 9.09 417 204 13.26
220 3.15 2.81 697 452 1.98 11.49

Reaction conditions referred to Fig.4.
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R H A Cu-SSZ-134 T I FTIR I & U I
6. MEI6AI B H, 7E& M Cu-SSZ-135F 32
i, BRI —EREHE, 530 cm AL RISHE
g 3ok 107 F 43 F B 2R N BB Si—O B A1—O Y T {4 /1)
T—O(T=Si, AT HES; 730 cm™ ALBIFHE
W %oF i F Al—O$8 B X R ¥R 35 1 100 ~ 1 300 cm™

516 54 IR e B 2R F O—Si—O B O— A l— O 1
EXFR AR ; 640 om™ Ab FYARAF WX R 43 F
B IR NEROSTTH IR 48R3 . FTIREKAELER
Ut AR EER I T M IE BB AL T Cu-SSZ-134F i
ME6IL T FEH, MTO LB G Cu-SSZ-1343
T FTIR S B B KX BIFE T SR 51 385 cm™
A P SR A 0 1 R LA R 1 770 e 42 H BT A
Wrlde, 1385 cm™'FI1 770 cm ™ 2b BRI I A3 A B
FRgliE s FHCH,—RF FC—HEB AR IR
e C—HE AT S, X UL IR e )
KEIEIFITT IRA =4 BT TR
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Fig.6 FTIR spectra of the Cu-SSZ-13 molecular sieve catalysts

before(a) and after(b) the reaction.
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