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Effects of the Swelling Agent Amount pH Value of the System and
Si0, Al,O; Ratio of MCM-22 P on the Synthesis of ITQ-2 Zeolite
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Abstract The effects of the amount of swelling agents CTMABr and TPAOH  the pH value of the synthesis system and the
SiO, Al O; ratio of MCM-22 P on the synthesis of ITQ-2 zeolite were investigated. The results showed that well-swollen MCM-22
P could be obtained within only 4 h at pH=11.5 by decreasing the amount of swelling agents. With the pH value decreasing the
desiliconization of MCM-22 P greatly decreased the yield of I'TQ-2 zeolite significantly increased and the ultrasonic exfoliation pro-
cess became more accessible. The MCM-41 mesophase could be avoided when the exfoliation process was performed at lower pH val-
ue. The higher the SiO, Al,O; ratio of the MCM-22 P the lower the charge density on the sheet surface the weaker the electro-
static attractive force and the intermolecular force between the interlayer cation and negatively charged sheets which made the inter-
calation swelling and succedent ultrasonic exfoliation easier.
Key words MCM-22 zeolite cetyltrimethylammonium bromide CTMABr  tetrapropylammonium hydroxide TPAOH  interca-
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Table 1 Gel composition and synthetic conditions for synthesis of MCM-22 P
Semple ‘ Gel composition n Synthetic conditions n SiO,
SiO, Al O4 OH HMI H,O State 0 C t d n AlLOs
MCM-22 P-1 1 0.033 0.10 0.1 10 S 150 2.5 32
MCM-22 P-2 1 0.020 0.15 0.2 30 D 150 4.0 54
MCM-22 P-3 1 0.010 0.10 0.5 45 D 135 7.0 107
OH— NaOH HMI — hexamethyleneimine S — static D — dynamic 40 r min .
1.2 1TQ-2 S-MCM-22 P-2 -1 S-MCM-22 P2 -2 ITQ-2
MCM-22 P w H,0 ~75% XRD . MCM-
70 C 12 h w H,0 =~ 22 P2 7
10 % CTMABr m MCM-22 P w HO = 75%
TPAOH 80 C m CTMABr w=29% :m TPAOH w =40%
) =27:105:33. 1 CTMABr
40 kHz 50 W TPAOH 0.5h 20=
6 mol L pH =2 1.89° d =4.67 nm 20=2.38° d=3.71 nm
540 C ITQ-2 .20=1.89° CTMA"
1.3 CTMA" 2.15 nm '
D max-2500 X MCM-22 P 2.5 nm CT-
Cu K, 40 kV 100 mA MA* 4.5 nm 20
Solaar AAS 2 =2.38° TPA™ CTMA"
5 . MCM-22 P-2
20=3.2" d=~2.8 nm .2 h 20~
2.1 2.38° CTMA"
2.1.1 d o

1 MCM-22 P-2 S-MCM-22 P-2 -0.5

~5.5 nm .
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d==3.71 nm 20=3"~7°
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M CTMA™ . pH =14
“‘5““10““15“”20”“25““30““35‘”‘40 Na-P, pH=11~
26/(°) 13.5.
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Fig 1 XRD patterns of different zeolite samples
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A7
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(6)
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5) Table 2 Effect of amount of swelling agents on intercalation
swelling of SSMCM-22 P-2
(4) Sample m M tm C :m T :m H,O pH ¢sh d nm
3) Al 1:5:5.5:16 13.5 16 5.35
5 A2 1:3.8:4.12:16 13.0 16 5.25
) A3 1:2.5:2.75:16 12.5 16 5.22
N~ () A4 1:1:1.1:16 1.5 16 4.93
5 10 15 20 25 30 35 40 A5 1:0.83:0.92:16 11.5 16 5.04 3.79
20/¢°) A6 1:0.5:0.55:16 11.0 16 4.85 3.77
2 pH S-MCM-22 P-2 XRD A7 1:5:1.1:16 11.0 16 5.19
A8 1:1:1.1:16 11.5 4 4.67

Fig 2 XRD patterns of SSMCM-22 P-2  samples
at different pH values
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w=40%  ts— Swelling time.
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4 pH
Table 4 Effect of pH values on ultrasonic exfoliation
of S-MCM-22 P-3
Exfoliation conditions
(6) Sample m M m C : ) Product
¥ h
5) m T :m HO pH 6¢C
4) Cl1 1:5:5.5:16 13.0 50 1.0 ITQ-2 MCM-41
C2 1:5:5.5:16 12.5 350 1.0 ITQ-2
3) C3 1:5:5.5:16 12.5 25 1.0 ITQ-2
C4 1:5:5.5:16 12.5 50 0.5 1TQ-2
o) C5 1:5:5.5:16 11.0 25 0.5 ITQ-2
C6 1:1:1.1:16 11.5 75 0.5 ITQ-2
) Cc7 1:1:1.1:16 11.5 25 .5 ITQ-2
EE— e = * pH value of C2-C5 was adjusted with HCIl solution
5 10 15 20 25 30 35 40
6 mol L . ty — Ultrasonic exfoliation time.
20/(°)
3 MCM-22 P-2 XRD
Fig 3 XRD patterns of some intercalation
swellon MCM-22 P-2 samples
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Fig 4 XRD patterns of some ultrasonic exfoliated samples
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Table 3 Effect of n SiO, »n ALO; in MCM-22 P MCM-41 ’
on intercalation swelling pH MCM-22
Sample n Si0, n ALO; ts h d nm P
Bl 32 2.0 4.81 3.75 ~
CTMABr
B2 32 3.0 4.82
B4 54 2.5 5.07 pH<12
BS 107 1.5 4.96 3.71 ) pH
B6 107 2.0 5.10 .
H
Ratio parameter m M tm C 'm T :m H,O =1:1.7:
1.83:16. CTI\/IAJr CTMABr
TPAOH 15
2.2 pH 11.5 75 C MCM-
2.2.1 pH 41 25C 0.5h
4 pH 2.2.2
Cl1~C5 7 pH<10.5 d=3.7 nm
4 XRD . C1
Cl1 20 MCM-22. TPA"
=2.44° 20=2.5"~5° 2 d>4.5 nm CT-
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Table 5 Effect of preparation conditions on ITQ-2 zeolite
) Swelling conditions Exfoliation conditions ITQ-2
Sample MCM-22 P -
pH t h pH t h n SiO, n ALO; Yield %
D1 P-1 13.5 16 11.5 1.0 14.6 46.4
D2 P-1 11.5 4 11.5 0.5 28.7 91.3
D3 P-3 13.5 16 11.5 1.0 38.4 41.7
D4 P-3 11.5 4 11.5 0.5 98.3 87.1
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