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Abstract The researches of structure and catalytic performance for the zeolite family of MCM-22
were summarized in this paper. Possessed special pore systems and the proper acidity, this family of zeolites
have exhibited promising catalytic performance in many processes of catalytic reactions. At present, the
study on the zeolite family of MCM-22 just stated in China and therefore explanation of the structure
catalytic performance and their relations is beneficial for the independent development of catalytic processes
in own country.
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MCM-36 MCM-498
MCM-564 1ITQ-1 5] ITQ-2[6] MWW MCM-22
MCM-22 MCM-22
1 MCM-22
MCM-22
[7~13]
Leonowicz!!>!® MCM-22
1.1 MCM-22
MCM-22(IZA code MWW) (1 10um)
100 MCM-22 X- ERB-1 PSH-3
SSZ-25 ITQ-1(MCM-22 ) [14]
1.1 MCM-22
Tabl.l1 Coordinatesof T-Atomsin Cell of MCM-22
Atom Position X Y Z
T1 4h 0.6667 0.3333 0.0581(11)
T2 120 0.4662(13) 0.2331(7) 0.1347(7)
T3 12n 0.3850(12) 0.0 0.1646(7)
T4 4h 0.6667 0.3333 0.2124(12)
TS 4h 0.6667 0.3333 0.3428(12)
T6 12n 0.3869(12) 0.0 0.2891(7)
T7 120 0.4192(13) 0.2096(6) 0.3480(7)
T8 120 0.2574(13) 0.1287(6) 0.4375(7)
o1 2¢ 0.6667 0.3333 0.0
02 120 0.5408(12) 0.2704(6) 0.0791(11)
03 24r 0.3873(14) 0.0998(11) 0.1346(9)
04 120 0.5472(14) 0.2736(7) 0.1906(11)
05 4h 0.6667 0.3333 0.2735(15)
06 12n 0.3710(23) 0.0 0.2269(11)
o7 6l 0.5 0.0 0.1527(19)
08 6l 0.5 0.0 0.3056(18)
09 24r 0.3832(16) 0.1004(12) 0.3135(8)
010 120 0.5448(13) 0.2724(6) 0.3656(12)
011 120 0.3550(23) 0.1775(12) 0.4018(12)
012 12n 0.1784(19) 0.0 0.4205(13)
O13 6m 0.3022(32) 0.1511(16) 0.5
S1 3f 0.5 0.0 0.0
S2 6j 0.409(9) 0.0 0.0
S3 12p 0.267(5) 0.074(5) 0.0
S4 6l 0.160(6) 0.080(3) 0.0
S5 6m 0.586(2) 0.172(4) 0.5
Leonowicz!!>!% X- MCM-22
[5'26'410°] 0.71x0.71x1.82nm
72 MCM-22
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16 MCM-22
Figl.6 The 3D topology of the pore systems of MCM-22
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(0.4x0.55nm)
(0.4x0.55nm)
0.71x 0.71x1.82nm 1.9 A C
1.4 MCM-22
12
Tabl.2 TheMicroporeVolume of different kinds of zeolites
/(mL/g)
MCM-22 0.16
BETA Intersecting 12MR 0.25
ZSM-5 Intersecting 10MR channels 0.14
SSZ-24 Unidirectional 12MR 0.12
Y Tridirectional 12MR«>cavities 0.27
13
Tab1l.3 Framework i.r. bands of different zeolites
Si/Al T-O
External Internal External Internal
MCM-22 15 1245 1092 790/810 740 658/595/550/500 450 380/317
Y 245 1140 1022 790 720 652/578/505 459 385/315
ZSM-5 20 1220 1098 793 754 616/580/542 452
BETA 22 1220 1075 782 712 602/568/518 460 430
1.4.1 MCM-22 IR (m MCM-22
MCM-22 (8] 1.2 MCM-22 ZSM-5
SSZ-24( ) Y Beta
1.3 Y Beta ZSM-5 MCM-22 B MCM-22
400cm’! Y
MCM-22  ZSM-5
400cm™! MCM-22
1.4.2 MCM-22
( Bronsted ) TO,
3-D AlO,
B = ‘can, >
)
Loewenstein Al-O-Al
Al-O-Si
MCM-22 P6/mmm Al
[21] 1.10( ) Al
4 B

T(1)-0-T(1) T@)-O-T(5) T(5)-O-T(4)
8
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n-C, MCM-22 2,2,4-TMP
MCM-22 ( 0.64nm) 90%!1?!
( 0.79nm) 30% MCM-22
Corma ( 1,2,4- )
MCM-22 10MR MCM-22
1,2,4-
MCM-22
( )
MCM-22
1.4.4 MCM-22 Rolando®” MCM-22
H-ZSM-5 H-Beta 1.4
14
Tabl.4 Thediffuse coefficient of aromaticsin different zeolites
% T(K)
H-ZSM-5 H-Beta H-MCM-22
0.5 0.6 0.2 300
3.2 0.5 350
8.2 1.4 400
13 1.9 450
1 0.2 0.1 300
4 0.9 0.1 350
6 10 1.6 400
16 18 2.0 450
0.6 0.1 0.2 300
1.5 0.2 0.5 350
5 2.5 1.2 400
17 26 2.3 450
0.01-0.001 0.2 300
0.6 350
8 400
26 450
0.1 0.00004 300
0.2 350
2 400
10 450
H-MCM-22 H-ZSM-5  H-Beta
(
1.5) ( 1.6
H-ZSM-5 H-Beta
MCM-22 ZSM-5 Beta
( 80%) (0.4x0.54nm)
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Figl.11l Thediffusion modes of moleculesin the different pore systemsin MCM-22



http://www.hxtb.org 2004 67 w102

( ) 1.12 (
)
E )
112 MCM-22
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[29]
1.6.4 MCM-49 MCM-22
Bl MCM-49
MCM-22 7.16%
2.64%
MCM-49 MCM-22 MCM-22
MCM-22 MCM-49
CH, MCM-22 MCM-49
1.6.5 MCM-56 MCM-49
MCM-56 ( MCM-22 )
MCM-56
MCM-56
MCM-56
MCM-56

1.7 MCM-22
1.7.1 MCM-22 MCM-22

MCM-36 MCM-49 MCM-56

a. MCM-22 MCM-49 MCM-56

[32]

w102

MCM-22

B1

MCM-22

17
Tabl.7 Synthesisof ethylbenzene: compare of different catalysts
/35% Al,O4 MCM-22 MCM-49 MCM-56 Beta
C,=WHSV 1.1 1.1 1.65 22
C,=Conv. (%) 96.6 97.1 96.2 97.0
/mol%
EB 94.0 95.3 93.7 88.0
DEB 5.7 4.5 6.0 10.6
TEB+ 0.2 0.1 0.2 1.1
> 99.9 99.9 99.9 99.7
Xylenes 0.00 0.00 0.00 0.00
n-C;-Bz+Cumene 0.00 0.00 0.00 0.00
Sec-C,-Bz 0.07 0.06 0.04 0.13
Other C," aromatics 0.02 0.02 0.02 0.14
> (by products) 0.09 0.09 0.06 0.27
220 3550Kpa (benzene/ethylene) 5.5 35% Al,O,
( ZSM-5)
( )
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99.8(wt)% (PEB)
(EB) PEB
(Y Beta ZSM-5 ) MCM-22 MCM-49 MCM-56
I. 92(wt)% 7(wt)%
L(wt)%( 0.5(wt)t%)
1. Beta

iii.
iv. MCM-22 MCM-49 MCM-56

b. MCM-36 BB 1.8)
1.8 MCM-36
Tab1.8 Synthesis of ethylbenzene by alkylation between benzene and ethylene on the M CM-36 catalyst
: MCM-36
T e Toe HOS ¢ Xyl/B DEB/B  C9+EB
C2=WHSV C2=Con. EB/B
1 733 715 7 4.05 100 0.167 <0.0002 0.077 0.087
2 733 715 25 4.10 100 0.167 <0.002 0.086 0.098
3 637 627 68 4.03 92.3 0.140 <0.002 0.073 0.088
4 631 621 97 4.05 91.7 0.137 <0.0003 0.069 0.083
5 518 521 121 4.05 29.8 0.055 <0.0002 0.021 0.039
HOS: /h B: EB: Xyl: DEB:
65% MCM-36/35% Al,O4 300pisg / =10:1 500~750°F
c. MCM-36 B4 1.9)
19 MCM-36
Tab1.9 Preparation of long chain alkyl of aromaticson MCM-36 catalysts
MCM-36
/(wt)%
97
a-C= 97
/[(wt)% 97
/%
81
19
65% MCM-36/35% Al,O4 200pisg /o Cp=1:1 400°F
d. MCM-56 BSIC 1.10)
MCM-56 65 MCM-
22 110 20~30h! 90%
2.5 10 Beta MCM-56
MCM-56
MCM-56



http://www.hxtb.org 2004 67 w102

110
Tab1l.10 Synthesisof cumenewith propylene and benzene
/35% Al,O, MCM-22 Beta MCM-56
/ 112 121 110 113
/d 12.3 33 5.2 14.9
C= 1% 98.0 82.1 97.9 95.4
C,=WHSV 1.3 2.5 7.5 10
WHSV 7 14 14 56
/Cy=/mol 3 3 3 3
H(wt)%
84.85 84.25 84.52 84.98
11.30 7.05 13.51 13.20
2.06 0.22 1.52 1.28
> 98.21 91.52 99.55 99.46
Cy- 1.80 8.44 0.45 0.52
0.00 0.04 0.00 0.00
nC;- 0.006 0.008 0.008 0.008
>( ) 1.81 9.49 0.46 0.53
DIPB/ /(wt) 0.133 0.084 0.160 0.127
nCs- / (><10%) 70 90 90 90
Pressure:300 psig
e. MCM-49 ( L11  1.12)
111 1351
Tabl.11 Catalytic performances of alkylation: compare of the different catalysts
Beta MCM-22 MCM-49
unbound Unbound Bound Unbound Bound
/(wt)%
37 84 93 86 89
Cy 65 94 94 93 94
/(wt)%
58 64 76 68 82
10 26 18 23 15
0 5 3 4 2
32 4 3 4 1
204 Cy =11 :6h :400psig.
112 MCM-49 i36)
Tabl.12 Catalytic performances: Compare of MCM-49 catalysts prepared under different conditions
MCOML49 /(Wt)% /(wt)%
Ci= Cy
Unbound
177 79 96 72 20 4 3
204 79 92 66 26 5 3
232 86 93 68 23
-bound
177 89 96 85 12 0 3
204 89 94 82 15 2 1
-bound
177 86 93 87 9 0
204 79 92 75 15 0 3
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232 72 87 63 16 0 5
-bound
177 86 96 77 17 3 2
177 79 92 70 20 3 2
f. MCM-49 ( 1.13)
( )
C2~C3
113 MCM-22 MCM-49 B7
Tabl.13 Compare of MCM-22 and MCM-49 with Alkylation
bound
MCM-22 and MCM-49
MCM-49/A1,0, MCM-22/A1,0,
1 2 3 4 5 6
1/0 50/1 5/1 50/1 50/1 50/1 50/1
/psig 500 500 500 500 500 500
/°F 300 300 300 300 300 300
/h 11 59 128 5 16 64
C,=WHSV/(h") 0.046 0.042 0.046 0.046 0.046 0.046
C= /(wt)% 86.2 71.9 58.3 100 64.7 434
C,=/g 0.46 1.83 3.89 0.23 0.59 1.67
Cst :Cs+/gC= 1.6 1.7 1.5 1.4 1.6 1.7
Cot A(Wt)%
C; C, 25.8 20.0 18.0 3434 21.7 19.8
Cq 60.3 64.7 67.7 56.9 60.6 66.0
TMP 41.9 41.1 35.7 37.6 37.4 33.6
DMH 13.2 13.0 13.0 15.3 12.3 12.0
Cq 5.2 10.6 19.0 4.1 10.9 20.4
2,2,5-TMH 0.7 0.7 0.5 1.0 0.8 0.6
Cy" 13.6 15.3 142 8.7 17.9 14.9
Cs  /(wi)%
T™MP 69.9 63.6 52.8 66.0 61.7 51.0
DMH 21.8 20.0 19.2 26.9 20.3 18.1
Unk Cq 8.6 16.4 28.1 7.2 18.0 30.9
TMP/DMH 3.2 32 2.8 2.5 3.0 2.8
MCM-49/A1,0,=1:0.54
g. MCM-36 ( 114

114 MCM-36 REY
Tabl.14 Fixed-bed Alkylation: Comparison of MCM-36 and REY Catalysts™

REY/ALO, MCM-36/A1,0, MCM-36/A1,0;4
(Versal 250) (Kaiser) (Versal 250)
1/0 50/1 50/1 50/1 50/1 50/1 50/1 50/1 50/1 50/1 50/1

18
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/psig 500 500 500 500 500 500 600 700 500 500
I°F 200 200 250 250 300 300 300 300 300 300
/h 5 15 5 17 5 40 65 258 75 157
C,=WHSV .046 .040 .046 .044 .046 .046 .046 .046 .045 .045
C= /(wt)% 100 55.4 100 57.8 100 98.4 99.4 99.1 95.5 68.5
gC= /g cat 0.23 0.53 0.22 0.55 0.23 1.7 2.8 11.3 0.97 6.18
Cst+ (g/g Cp=; ) 1.1 1.1 1.1 1.4 1.5 1.6 2.0 2.1 1.6 1.7
G+ I(wh%
Cs~C, 29.8 11.6 36.2 232 39.0 32.0 335 31.7 24.0 19.5
TMP 29.4 52 27.9 17.2 32.6 34.6 33.8 36.8 42.7 31.0
DMH 17.5 13.8 229 17.8 21.2 15.1 14.8 15.1 16.2 17.5
[ON 2.1 16.5 2.5 8.8 3.0 2.4 1.0 1.1 2.1 14.3
Cq 49.0 354 533 43.8 56.8 52.1 49.6 53.0 61.0 62.9
Cyt 213 53.5 10.5 34.1 43 16.0 17.0 15.4 15.2 17.8
C  /(WH%
TMP 60.0 14.6 523 39.2 57.5 66.4 68.1 69.3 70.0 493
DMH 35.7 38.8 429 40.7 37.3 29.1 29.8 28.6 26.5 27.9
Cy 4.2 46.6 4.8 20.1 52 4.5 2.0 2.1 35 22.8
TMP/DMH 1.7 0.4 1.2 1.0 1.5 23 23 2.4 2.6 1.8
1.REY/ALO;=75/25 2.MCM-36/A1,0,=65/35 /2- =50/1
1.72 FCC Yisl FCC FCC
REY ( )
REUSY FCC
USY ZSM-5
FCC C~Cs
Y
ZSM-5
Beta C, GCs
c, G,
MCM-22
Corma Y MCM-22  ZSM-5
MCM-22 c G,
MCM-22
( ZSM-5)
1.7.3 -1 39
MTBE( ) TAME( ) ETBE(
) MTBE ETBE
FCC( )
-1
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Tabl.15 Theisomerization of 1-butene
/(mol)%
/(mol)% =
T/ P,(1-C,)/ WHSV/(h™) C, C, Co I-C, C; Ce.
350 0.1 14 46.3 0.1 6.2 1.0 29.4 6.4 32
350 0.1 28 30.1 0.1 32 0.6 26.1 4.1 0.9
400 0.1 28 36.3 0.1 4.5 0.6 26.1 4.1 0.9
450 0.1 28 36.3 0.2 3.5 0.5 28.4 3.1 0.6
350 0.5 28 60.3 0.3 9.5 33 222 11.6 13.4
350 1.0 28 76.8 0.5 10.7 7.3 15.8 16.7 25.8

ZSM-22(0.44%0.55nm)  ZSM-23(0.45%0.52nm)

ZSM-22 ZSM-23

( )
ZSM-5 MCM-22
Asensi MCM-22
(
50%
40% 80% C, C;
(
)
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