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Abstract

Abstract

MCM-22 zeolite, which combines the porosity of 10-ring channels and 12-ring
supercages, shows excellent catalytic properties because of its unique structure and
has now become a research hot in the field of catalysis. ITQ-2 is obtained by swelling
the layered precursor MCM-22 (P) with intercalation agent to increase interlayer
distances of MCM-22 (P) and then forcing apart the swelling layered structure under
ultrasonic condition. MCM-36 is a pillared layered structures zeolite and formed by
swelling the layered precursor MCM-22 (P) and then pillaring the layers with
polymeric inorganic oxides, which shows dual porosity of zeolitic microporosity
inside its crystailine layers and mesoporosity in the interlayer space. 1TQ-2 and
MCM-36 are potentially most attractive for catalysis of large reactant molecules,
because they combine the acidity and thermal stabilization of microporous zeolites
and high specific surface area dominated by the extra-surface area and good
accessibility of mesoporosity materials for Jarger molecules to the catalytic sites
which located mostly in the outer surface. The synthesis of high-silica pure MCM-22
is difficulty due to being contaminated easily by any other zeolite phases and people
have yet not found a good solution up to now. For the reported syntheses of 1TQ-2
and MCM-36 molecular sieves, they need complex processes, long synthesis time and
high cost. In this dissertation, the syntheses of this three molecular sieves have been
investigated in detail, and the formation law of undesired phases was revealed in the
process of synthesis of MCM-22 .Hereby, we put forward a new method to synthesize
high-silica MCM-22 zeolite and new methods to synthesize MCM-36 and ITQ-2

molecular sieves rapidly, simply and economically.
—. Synthesis of high-silica MCM-22

1. With silica gel for column chromatography as silica source , the influences of
various factors on the synthesis of high-silica MCM-22 were investigated under

static hydrothermal crystallization condition. The results showed that the
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crysiallization temperature, alkalinity and uniformity of the concentration of
templaie are the three most important factors to the synthesis of high-silica
MCM-22. When TZ=150°C, OH/SiO,=0.15, the pure high-silica MCM-22
zeolite can not be synthesized in the synthetic system of S8iO2/Al;0344=100 which
is contaminated by ZSM-12 and Kenyaite in the crystallization process. Lower
temperature and alkalinity are more conducive to the synthesis of high-silica
MCM-22 zeolite. It was found that the crystallization induction period of
high-silica MCM-22 is very long and crystallization period is short. Because
MCM-22 zeolite which holds the medium thermodynamic stability is a metastable
phase in the crystallization process, if the crystallization rate can not be dropped
down, it is easy to transform to more stable thermodynamic products (another
crystal phase). Improving forming nuclei rate and reducing crystallization rate is
in favor of the synthesis of high-silicon MCM-22. It was also found that the
solubility of template decreased in the alkaline medium, besides, the dense of
template is small, which result in a concentration gradient of template in the
synthetic system under static conditions. Nonuniformiry of the concentration of
template is one of the important reasons to affect the synthesis of high-silica
MCM-22. According to the formation law of undesired phases, the synthesis of
high-silicon MCM-22 should follow the following synthetic principle : fast
forming nuclear, slow crystallization growing and reducing nonuniformiry of the
concentration of template. Therefor, we take the following measures to synthesize
the high-silica MCM-22 zeolite successfully in the synthetic system of
S5i0y/Al;0341=100: high temperature at the beginning for forming nuclei quickly,
followed low temperature for slowing crystallization rate and reversing the
autoclave in the second half of the crystallization process for reducing the
influence of concentration gradient of organic template,

2. For the first time, the synthesis mother liquor of MCM-22 and the delaminated but
not roasted ITQ-2 were used as the seeds. The results showed that the effect of
several seeds is in the order: synthesis liquor™ ITQ-2(P)>MCM-22(P)>MCM-22>
without seed in shortening crystallization induction period, accelerating the

crystallization rate and improving product crystailinity. The mother liquor
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contains a large number of nuclei, building blocks and secondary building
units .They are uniformly dispersed in synthetic solution, therefore the effect of
the mother liquor is best. A large number of crystal lattice defects located on the
surface of not roasted 1TQ-2 result in rapid dissolving in alkaline solution to
produce a lot of nuclei, whose effect is same as the mother liquor in shortenig
induction period. The above results indicated that the crystallization rate is related
to the dispersion degree and structure of seeds. The usage of a little amount of
seeds can significantly shorten the crystallization induction period and increase
the crystallization rate, which proved that the step of forming nuclei is rate

determining step.

3. The crystallization temperature is the most important factor to the synthesis of

| 1

high-silica MCM-22 under stirring hydrothermal crystallization condition. Pure
high-silica MCM-22 can not be synthesized at 150°C. Low temperature is
conducive to the synthesis of pure high-silica MCM-22. The synthetic range of
time under stirring crystallization condition is longer than that under the static
crystallization condition. Under stirring crystallization condition, pure high-silica
MCM-22 can be synthesized in a wide range of H,0/SiO; and alkalinity, and the
crystallization of products is higher. Pure high-silica MCM-22 zeolite can be
synthesized by taking crystallization method of changing temperature same as the
static method in the synthetic system of Si0»/Al0354=150.

. Synthesis of ITQ-2

As for the synthesis of ITQ-2, the mechanism of the intercalation of CT MA*
entering into the layers of MCM-22 precursor was investigated .The results
showed that the direct intercalation of CTMA® ions is difficult with the CTMABr
solution alone. However, the intercalation of CTMA" could be achieved by a
two-step treatment involving intercalation of TPA* followed by intercalation of
CTMA" in the presence of TPAOH. The intercalation power of TPA* is very
strong and it enters into the layers of MCM-22(P) in advance to increase
interlayer distances of MCM-22 (P), reduce electrostatic gravitation force

between layers and break the hydrogen bonds, which makes the intercalation of
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CTMA’ easier. The intercalation of CTMA® is performed at the periphery of
layers in initial stages of intercalation and it results in a concomitant layered
structure composed of the smaller interlayer distances by intercalation of TPA* (d
=37.09 A) and the larger interlayer distances by intercalation of CTMA* (d>
46A) . The intercalation swelling of CTMA" belongs to long-range swelling but
don’t hold the characteristic of osmotical swelling.

The results of investigation to intercalation swelling showed that the intercalation
swelling of CTMA®’ is related io its conceniration and the pH of the
solution.When the concentration of CTMABTr is very high, the pH of the solution
must be greater than 12 in order to swell the layers of the precursor MCM-22 (P).
If pH=14.5, the swelling precursor transforms to Na-P; zeolite . When the amount
of CTMABr was decreased to one fifth of conventional method , the entirely
swelling layered precursor MCM- 22 (P) may be achieved only at pH = 11.
Alkalinity greatly reducing ¢liminated from the impact of desiliconization on the
Si02/Al;0; ratio and yield of swollen products.The yield of swollen products
significant increase from 22% in conventional method to 87% in improved
method and the SiOy/Al;O; ratio of swollen product from 23.8 in conventional
method fo 98.36 in improved method after swelling in the synathetic system of
Si02/A10354=100. Moreover, it does not produce the MCM-41 due to lower
alkalinity in the following process of exfoliation. The higher the Si0,/Al,0; ratio
is, the less the surface charge , the weaker the electrostatic gravitation force, and
the easier the intercalation swelling and followiné exfoliation,

The ultrasonic exfoliation of swelling MCM-22(P) was investigated detailedly.
When the interlayer distances of the swelling MCM-22(P) is 3.7nm obtained by
swelling the precursor MCM-22 (P) with TPAOH alone as intercalation agent, it
can not was exfoliated into a disorder single layer under ultrasonic dispersion. By
drcreasing the concentration of CTMABr and the pH of solusion, the swelling
layered precursor MCM- 22 (P) can be entirely exfoliated into single layer even at
shorter time, lower power and lower temperature under ultrasonic condition.
Because of low alkalinity, desiliconization hardly occurs and the MCM-41 does

not form even at 75°C.For conventional synthesis method, MCM-41 can also not
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form if the pH of solusion was adjusted to below 11, furthermore , followed
exfoliation is easier owing to lower surface charge. But, it is far from the
improved method in this text as for rapidly, simply and economically synthesizing
ITQ-2

=. Synthesis of MCM-36

1. The influence of ultrasound on the synthesis of MCM-36 zeolite has been
investigated by using tetramethylammonium silicate as the pillaring agent. It has
been shown that the intercalation of pillaring agent entering into the layers of
swollen MCM-22 precursor was accelerated markedly under wultrasonic
condition. The intercalation time of the pillaring agent was shortened from 24h in
the conventional route to 3h in ultrasonic route. The interlayer distances increases
with the ultrasonic treating time. By controlling the ultrasonic time in the
intercalation process, a seriecs of MCM-36 zeolites with various interlayer
distances have been obtained . The characterization results of XRD and Pore size
distribution showed that MCM-36 materials synthesized by ultrasonic treatant
have the uniform interlayer distance in the structure. This is because the
concentration of pillaring agent was uniform distributed in the space between
adjacent layers and alt inside area of the same layer due to ultrasonic dispersion.

2. The characterization results of Nitrogen adsorption showed that the MCM-36
synthesized by ultrasonic treatant has exhibited a great specific area (S »
>800m*/g) and a high S #/S # (S #/S s mex=13) . Its pore volume is dominated by
mesoporous Space (Vmeso 0.8cm’/g) and its average pore size is in the range of
mesopore.

3. It was found that tetramethylammonium hydroxide is the best organic alkali in
the preparation of tetraalkylammonium silicate pillaring agent. The TMA:SiO;
ratio can not be greater than 1, otherwise, the alkalinity of the solution is too high
which will result in the desiliconization in the process of pillaring and affect the
yield and SiO,/Al, 05 ratio of products. On the contrary, The TMA:SiO; ratio can
not be too low, otherwise, the solvent rate of silica source is too slow or silica

source even can not be solved entirely. The TMA:Si0,=0.5 is the best ratio.
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4. Ultrasound provides an external force for pillaring agent 1o diffuse into the layers
of swelling MCM-22(P). The reasons for intercalation being accelerated markedly
under ultrasonic condition can be attributed to the formation of some violent
factors, such as local high temperature, high pressure, shock wave, tiny shook

stream, which enhance the crash frequency of solid particles and their movement.

Key words: MCM-22, ITQ-2, MCM-36, zeolite; ultrasound, pillaring agent;

intercalation, exfoliation
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Cloverite (20 J7T¥F, 1991 4E) 1 JDF-20 (20 o3k, 1992 4E) friggkmtt, K
. EAHILAA TR HEE ILEH A& Bk, FuEBREFINE
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FoeAH FEEIANRRET VR T4 ME T R R, WREK
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B BRI CA B o 1 I G AR TR AR BRI, S IR R 20 T A I . %
FEF4Fmeas. EANDERSIAGTHER (RED AEBH. 0
Gr TR EI % BAJLMI T 045 Hbe 4T B0 3L 4T dn 2 F IR B0 S BB R 5 1 7
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Fo BEMZKILTHE— KRN A=ILLECA 58 T RIRIE, MifikD> =%
RFRAE, BB .
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3.3.1 BRENT0H

HENTREHBARALMWSERNRHRSHS FREPRREE—
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MEBHEM R ERE, FERBHEEPROMELNBRER, XEEMS L
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BAPRAECRRE, KBTRELSANSERIEPLONEIES S,
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ﬁ[m. 68
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EARMBEFHBIREMRNPE SESE. BE—ER &g
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FI A Siticalite-1 FERIMKYE, W HNHFEMRNE, BB EMERR RN 58
BILEARMBE, LRRBEHZEAEELE™, A EEEBERNZ
B, REZMRE,
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FUPh 1 4 Wy 1F (5 2 [ P AH S B X s BE LI R . BT A i LA
HHHARNEYIRE: —RIFRAEBHER ZSM-5 . Y 4 THERFENER
A RPRILYTREAN,:, —RESH TR R TERLRTE ZILAMH,
EREART By AR ReEmrRs, XAFRNGEKILE. A
LR NIERKE, MCM-22 TR FLENRN. FRGHAE, &
RS, PR T RS ER T ZSM-5 2 FIAM Y 4-77F. M
MCM-22 RIRTIR1ES AT MCM-369%1 1TQ-2%"15 FHiE B2 T LR AR
TE,

4.1 MWW Z#9-FigHha

MCM-22 M#HHER, 1997 EERBAEKES (ZA) BEBE S
£% MWW, BHZZMINMAEESRE: psHa®, ssz25°, ERB-11,
ITQ-1%1, MCM-36), MCM-49", 1TQ-28" 71 MCM-56!® % . ‘{12 [AIHY
EXZNE 1.2 . RS TFHHAEE MWW BAFROEAREEHE 1.3).

ITQ-1 AEirEHRE MWW ZHST5, KA=PESHIFERILIERA
FHRETELRENBRASE, SH5 MCM-22 #F, RERFRFEIES
HWAEEHFES. RAREGRERR, T MWW IR ENRWE 4 H
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Fig 1.2 Family member of MW W-type zeolite
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Fig 1.3 Schematic representation of MWW-type zeolite layer structure
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1998 #F Corma'™V4:@ it % Bkt MCM-22(P) (Si/Al" 50) G R INA T
MCM-22(P) EfIfE, BLdHBAELEKTEEREHHEE ITQ-2. ITQ-2 RN
ANE—E R,

MCM-36 479 2 El. 1993 £, Mobile™ 2 7@ XHE R
MCM-22(P) #TRIKFIGE N Si0, #EALAER T HAL T 18,

MCM-56 4 Fifshr L RIR#M MCM-22%Y, 7 ¢ shym ERE LR
f1B R . EBR-1 &% B 1 MWW k4 Fial",

4.2 MWW BT iiRFLIEE Y

4.2.1 MCM-22 $F s

1994 %€ Leonowicz Z A% MCM-22 BAME S HEBRTRMERN X
I K ATEH R RO RY: MCM-22 ZREABREGHNDFF, BilzE
CAERHE, 58 c MEH, Z9FRAFNENH, B HEERIL
EERR. —REMEBETILEN 0.40 nmx0.59 nm K 10 ToIF -4 F3%FLE. Xtk
FLE RN TR EEE SRR, HEILETFOF &A%k, BT MCM-22
RIEZFLEARREMR, ERILENRFTREBHIREN A, #TTUFEEHFKX
ETLE PTG BRTILOEMEAR, SoFeiyBERmRmRe. &
2164 0.71 nmx1.82 nm ) 12 JTHBE, BRHEINTHE L FRWERE (b
FATHBE, FB%E L TFTH R ERGEMAE ., S EEHETHOHILE
(0.4x0.55 nm) SRABNMEEANE, FHLLEMEEAENIT DT SAKiL%,
Fit, MCM-22 5 TR @ A RETEX R 12 THFRILAR, BBEM—F,
FIEA)H 0.70om (LA 1.4 F11.5).

o F R RS B Fil AR E RN, BB Ht4E
Wm0 EETEEM TR IL O ARSI R RN, Xt
WEH REFBE. MCM-22 4 F I Fiobe ) FLIE 4 FF R ik
M R R BLE 10-MR R 12-MR 451,
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Fig 1.4 3D Visualixation of MCM-22
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Fig 1.5 Schematic illustration of a single-layer hexagonal crystallite of the MCM-22
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ITQ-2 fl MCM-36 4 Fiffi%# E 1.6—1.8. ITQ-2 ELFF LM ERE
MCM-22, MCM-36 4+ FiE H & MCM-22 1 & B2 mi#E R & Sio, & BE L
(BATCLRENRKREY) HTERK,

1TQ-2

B 1.6 ITQ-2 MW EE
Fig 1.6 Structure of ITQ-2, as an idel single-layer of a MWW zeolite structure
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Fig 1.7 Schematic illustration of two singles of MCM-22 zeolite
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Fig 1.8 Schematic representation of the MCM-36 zeolite
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— AR 20 K 6.6°HIMIEK, H—NRTE 20 7 12-25° WEAMATH LR E
KRB HET, Hb 12-15° TEARTHHENZLEMNRABLE, MCM-22(P)
R—ATHEBREH, BEEERMNN Si-OH BS54/ T A5, R
i T 2 (I KRR IR 5 ¢ S ¥k 26.8A W/BI 25.2A , Lawton ZI5 47 T 4
FERT RS XRD BliAh: STAEMHER, RREK a=1.427am FER LG H
BETWL, BHFEETRERHBHKBIEARREHRERL, MAKRR
¥ HANRABRRBER DT o
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Fig 1.9 X-ray diffraction patterns of the MCM-22(P) and its derivatives
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FIHHI001TRI[002], #8] ITQ-2 A HAE WWW RISFIiFERER, HEE
R RS N g4k, X EEH I MCM-22(P) R X ITQ-2 B EIBE KT .
Xt MCM-36 75, H XRD fithiigfl MCM-22(P)tLE, 7F 20=6.6°F1{002)
HRGHEMKT, DR KRR 20=1—2°2Z LBl — N E¥ B 001 f /e g,
B MCM-22(P)Y LA R R IR KT, (BYER MR A ITQ-2 M.
¥ MCM-49 43-f ¥, RERATEEWAE, IEESKHEY MCM-22 528
HFARNE S EH, dTRRAEFEEEE, KA emEeE MCM-22 i
IS AR, XRD #7584 A MR E . MCM-56 4TI BA MRMEH MWW 2
(FEcHAmMAA 1—-3 MRRAER), Bk, L£itR MCM-56 fi B4 21
FeIE ) MCM-56 Y XRD fii§1 & &BEL MCM-22(P)H1I MCM-22 %546, L H7E 20=
T—10°H1 20— 25 5N BB B . 3 B4R a1 B fin 3h g B E (™l (I,
 1.10).
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1 i 1 i 1
5 13 25 k)
2 Theta (degicts)

Bl 1.10 MCM-56(P)HISHERT MCM-56 1 XRD [
Fig 1.10 X-ray diffraction patterns of (a) as-made MCM-56 and (b) calcined MCM-56
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B, 3620 cm ! BN 2 Bronsted acidic (IHF¥25 Si-OH-Al {45 1%k

CEFEEERMANT 10 THFLEEMFRE) . X MCM-22 HZL5MEE, B
2 H Si-OH-Al IR 5)e 5+ % 171 67 Si-OH $RZ)E B, 3720—3730cm™ ' IEFF AN
Z Wik Si-OH, 3580cm™ ' 1A F /> BHI67 T /<5 £ 9 Si-OH-Al =5, 3670cm ™
Kb R AV AN R B FHE MR R B REE™ . F 1TQ-2 ML ki
B, 4 RIAH) Si-OH #R3WEBH B8 &, MR X AT T X 2B T MCM-22(P)
FIEH ITQ-2 FARM S RIMAFH Si-OH MR BERRINE. 54, EEL
BhdFRaEaRsEfBBROREe TR, MERBIARS, 3H
WAL, ShERMEN Si-OH HR3IEL ], 3T MCM-36, HALAH %% E R ITQ-2
FILL 5 i P B A AR 16,

Apsorgance {arbitrary unit)
.
w

M '
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B 1.11 MCM-22 R ITQ-2 PR EAT S kK
Fig 1.11 IR spectra in the O-H stretching regions of MCM-22-25 (cueve 1);
ITQ-2-25 (curve 2);  ITQ-2-50 (curve3)
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4.5 MWW B oFiGe—RL R

4.5.1 AL, CEREEE WAMER

2R B MCM-22 5 FRERIZ ML R E R, N, BRI SE & piw
RRILY Langmuir [1 X, ‘B BET LLREIA 534m’/g, H4E Horvath-Kawazoe
FEFE R MCM-22 RS A I e, T41T RE RN fLE
#, MCM-22 2 770424 0.50 nm.

ITQ-2 1 MCM-36 R N, IR ERELMTARTI N IV BISRLEMER, ¥
BHY RWHER, RANILAEELS % ITQ2 MLLRIHLKT 700 m%/g, i
MCM-36 KL R — B 7E 500—800 m¥/g, BIXFIFH4r F i 605 il Bk 4K
Fef], LA MCM-22 /. MCM-36 A+ FLR T4 fifE 2—4nm 751408 %1,

tHF MCM-22 i+, + o fLIERBEM K, e AL d T
WA XALIEHIRE ZSM-5 BIFLA K, 1B MCM-22 43 FIRitb =4 KFLAKM Y M
Beta LA E .

MCM-22 4 FIH BORMBKIEE S ™, Lawton™! %L REY. ZSM-5
M MCM-22 F= a1 95 X4 IF SR IR B AR AE B id ik Bt Al REY 4)7 5%
2,2,2-TMP IR [ Z 4R, ZSM-5 &3 Tt 18, T MCM-22 4 F i IFifift 5 REY
HEE -, BB SOABIRAR B 30%E, RIS, B ZSM-5
T IR A XRHT Y 5 FRRFLER 12MR, ZSM-5 4 F T
fLiEA 10MR, T MCM-22 47X H 10MR fLi, X% 12MR ILARMEE

Canos"MZELFI MR, ITQ2 X 13.5-SHEEF —MEMBMHAR, &
173.3 Pa, 42°C%& M TR % BN 0.25 mmol/g, 7 1333.2 Pa, 42C4&4TF ITQ-2
A MCM-22 X BRI B A B 5350 28: 2.10 mmol/g 1 1.46 mmol/g, 7F 666.61
Pa, 42°C4%AF T X4 Z FERIRMARSHH: 1.58 mmol/g versus 0.79 mmol/g

Corma M 1,3,5- = BE KM BB FH MCM-22. MCM-56 i ITQ-2
R BT AT TR, 1,35 =HEETRREMA 10 TAFLIE, REEHAIE
H a9 12 TTHREL, R T MCM-56 M5 RERAH MCM-22 X, 48 MCM-56
Et MCM-22 IR 20%, T ITQ-2 F K4+ i B 18 Wk [ B R MCM-22
B7 S

Kornatowski 2!'%) 3§ MCM-36 AW B P B HEAT T VEMMIBEST, A ko 0% Bt
55 FaHE s LA KBRS FRIKAN, Y. BTFEMEX, HFAREFHE
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FAREEEZMILRK AR, BABM IR FBE KA ILAER. e & 19
M EBLR: Th. &, O 2,.2,4-trimethylpentane {E H¥REF 7T, BB
MCM-22 fl MCM-36 X1 T e, e, CHEAR B RARLE), N EER M
7 10 TR HALFLIE R, WX 2,2,4-trimethylpentane FIRBHHIZR K, BAE
THEE 10 SR ILEHABE, H MCM-36 B FLG ERIL T i 4.

4.5.2 MWW B 5 FERRE 51T

MOFIHE S EFUM R FRIEZ M ERFIUCK, JEaIE i #&
ARSI A — M BRT (AI04—1 ), XA RARER A TFATEME, MnTE
F% T Bronsted B2, W& 1.12 Fi7R.

Cationic template

HMI
@ H
@ I

0
\/0\ v \/\/ \/\S_/

St S — -

Al 1
SN N\ / \/ \ 7NN
Neutual framework Anionic framework Bronsted acid site

1.12 S Fmamkit et Bronsted MM R HE SHIE XK

Fig 1,12 The forming of Bronsted acid during the svnthesis

FARFFRE BN ENET RN H B MCM-22 - FiiMYE. 4REH,
MCM-22 EEFHAIEP L, BEE M T 254CNH; A, BB LT
A31°CNH; IR, #A 5 ZSM-5 R, HEXRI? M HE=4 NH; B
B % 23 B AL T 160-250°C . 350-360°C #! 560°C. Corma Z!"ik% L M
Bronsted MY RIS MEHE Fidk: He H'CHANE— Mg SYHEBHE NH; FH
3%, W% Z/MER Bronsted B ORIBEIHIE, 7E 350°C B — B AT HE S5 1%
gt B IR E L A X

Onidal'"™ %M FTIR #iE, ZE/T 77K F, WEFHRED TS MCM-22
SFBMHEER. 4 BERAHLT ZFRFK SiOH)Al FFER AR 2 567
FHREILEN, FEILER, JSTH L), 4B RL & 3628, 3618.
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3585cm™, ZEiEP LRI AP HWK B, BENIFZLENK Bronste KB1R
AH5A N BEEH, IXUNTCHF LY Bronste B8 HLAERT CO X B 586 57 1 it
S S, MCM-22 7R [RI3EH () BR A0 RE S 1 F B9 PR LB B B R4 4
Rogsamm .ot T iR, BiiMEnAagkRE, RETFEH
R R NI BT BN E RGP WAL T IESK - 70 BR fLAE i Bt A
RATHIGET, XX T R R =P 66 3k £l 7R B E 55 80 44 F BE1T 9 K,
WA RRRBES K B M A5 HE MCM-22 5 T R R4 (R tEbr
SARE T EEFFLERA ML RN RIS,

M) i B A ) % 73 39 1ITQ-2 1 MCM-36 4 FIiifl MCM-22 e, Ha
MBS ERD, LEEN. &T 1TQ-2 fl MCM-36 4 FIEMISr £l 0K,
BRUVERTAMRIEH) B B Bt MCM-22 M £ T f B BB ELK.

Onida® [ CO M No #4841 52 75 ITQ-2 MIBRPERAT T WY, R 55
A 1TQ-2, BEERIBHEE IR, Si(OH)AI EETM/D, {HEEH Bronsted
MY RAEY, XFERE Y Si(OH)Al ¥44 AIOH #ES IS,
HH 1,3,5-=FEFH)RHHES AIOH 7T RME 12 TTHHKE,

Corma' MBI F KM, RIS ITQ-2 () Bronsted MM L MREMA T, +EiL
f'1 MCM-36 #)J Bronsted B2ik/DEE £, {8 L BBELA K. RE LM Bronsted 8
>, B 2,6-DTBPy W i KL ITQ-2 3R 1Hi i1 Bronsted MY & MCM-22 5 4 5.
Dumitriv ! 43 4% & 49 "R B # it B 4 Bronsted BB £ D K F Y
MCM-225ITQ-2>MCM-36, MCM-22 #B L1 ITQ-2 [e BBt - /D, B [0k
Bign. Er MCM-36 5 K8 B ik /DB B2 95 & 43 fn F MCM-22 HifBL.

HhHY MWWRSFIHMER

BRI A &R B EEEH K MRBILE. B ARG Ak 10810910
BkiE R G REM, M Rk sES & R %, R L L MWW
LM TIREME MBI ENA.

KT MWW S TG RIFRIECL2BE, HHE MCM-22 4F
M. BTR—KEKHBEED T SSZ-25 MR T 1TQ-1 25 H %5 B H M|
N,NN-Z R E-1-S R B AL (TMAadOH) MHHHMY, BHHELHE
RIBHEE S F 98 (ERB-1) FIWENE (PI) MR MG, & MWW 4 F 18T

24



2% 3 &

MR LR RERR . REVARE. BERG. KBEES, BRE—MEM LLREBAME
X MWW S TiRta&maERMY, FERKOEEE. HENHSEETH
WIE BRI E T LABRIRE MWW 2T, #ilin Lawton Z"HAHLL HMI
AR AR, MCM-22(P)H1 MCM-49 4 Tl & MR LT 25k 21~31
M 17~22. Gopalakrishnan %L RH, MCM-56 Fil MCM-22 & &R
AR B R A R K G B A SLR BARR, &M MCM-56 R KAIRR
A% MCM-22 BEFK B —¥, &/ MCM-56 (U 2 K, &M MCM-22
T & 10 X#f(a],

5.1 MCM-22 &7

5.1.1 MCM-22 19& K

MCM-22 W& ERKMGILE (HTS) MAMERE (ver) M, B
LB R KBRLE. KARBLEREEESHMLT AN, SUBEE 413—
453K, —RTEE 3~10 REIT REE. ShENHERAE SR HH> SR
BE, BXREEREH. ELERBESKHESR MCM-22 S FRICHRE
136 118 18] 453 By L AR L SR AL & HF 20, mEAfLE . R A H B AR
K. BHHERS. B mIFREMAFGREN S KBEFZLEARANET MWW
A FIME &dRs, ROBAEELAE T EBEE MCM-22 il MCM-49 1 &
R a], FRAAER AR A BROKEER, % T 06 Rt X RESR L
BB, BRI I AN,

H A2 R TRULE MCM-22 MBFFIRUEARS, BEXEEESREE TN
HANBREENTFRHAETASHILERCH BB FHRLIER, TEES
i finiE, R 125 R R, SRR REOR B HUE LS ¥ 5 18 R EE L 1
B PR IARE BB RGBT, BRIDHEA T & Ti 9 Ti-MWW, 2Ra%
UM % B, SRR K MES B T Fe-MCM-22 4 T . Testa Z!'2 I AR M
WHER, SRS T Fe-MCM-22 fll[Fe,Al}-MCM-22. Morrion %L AL
HER, ST Ga-MCM-22 AI{Ga,All-MCM-22, XItpi! PR s A &L s
T & Zo W RI NI S 245 T 1 MWW B 27, sIA BRGSO, 5 % MWW
G TN AEEA.

VPT R UHBIZEE 1990 ETTER—FibE &R Fik—FEKR
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MEREMY, VPT LS HTS AR Z A€ Tk A ML, Bikkisa
B UL SR B e ki, TR EIMMBT A RMBRERRE SLEN
FHLBAK, EHESESIT 2, SERSR, RMHITHRE SR, HHE4H
Wu B IRTEHFH, FEBEERKD, REE; HTB% T BMMEY
i, BT SRR E, WO T HPERAENIN KRB, mP> T4
Bt RSEE s g, BAMEERBGERAE rEXMEBENHAR. B
BRI LB &M T BEAIR W1 FERI'ILLE MFI. ANA £/
#A. K, nagaki EA'PIE AL FERINATFER MCM-22 R,

5.1.2 ¥ MCM-22 3 FEESHREE

5.1.2. 1 #HIEFIFIELE

EHEBRAR SIS EERESE, BHHERTYRERE T EEZNER.
EAMMURED ST R ORI, el A Y-S 6 i
HiEH, ERERBOER. HERFEERMA: RAEHKRN, HEmS
[l [ BE18), ik el A ARIDIC 0 22 i B sS55I I8 () A B B — 4 S I AT
TR ERB AN ERBREIERIRPEITRIEREY, DYERE
B, BEER+ e LA UL RSB EE E SCE RN A ThT X R R IE
HikE.

AR MWW 3B BT B BBR H7 TMAadOH. HMI bL & BRwel"™0%, X
FRETE (HMD £4 /8 MCM-22 fIEEEERH, mRUHLECHIEDRCE.
LS AR FB R E BN MCM-22 FERLPY B2 331 Corma 211834 %
HMI HEGRIBERIER, MCM-22 bR ILEPFEHRL & aMl DR Kk
HAE, #HAP HMI SRBERTHEESE, M MDY KIB5E 4L b ff iR
FALR HMI K7H. BEER BRm>, FIfRms{unl el B E &, FEYmss &k
BEF TR, BAESRERMART LIS 134,

5.1.2.2 ZFiEs¥ M

AR BEREAERASRA KK, BEA4LRAEABRE TIRIX,
ERERE RN ERRE TR RS S SAERNBAE RSN, &
HIE R R RER P L. AL 41k ROBERC AL R A Ko SRR 133 1500,
MCM-22 S#IERKFERMIRK, RIEHLKEERMBR, Girayl'*GA % &
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A MCM-22 5 IZ 50 B RERIE IR . RER R TR TERAR B T TEARARGTIE
RATRERRETRSERGEE, B FIEER LSRN MCM-22 HA 4 &
ERFRAEM,

BH, A#RAEHNEEAKEE. R, ORE. FRMRHIER,
RIS FM T, LARERR. REBRAUK IS LR T LLE i MCM-22 A
S, {Bim A& & PRI ER B R P, He Z!'OWRIF R0 RILREHIN SR
S AR ERA BRI, FREOEREBRR, MR RA R RRAICE R,
Giiray Z"R B RIE KHFERY MCM-22 BAKI&REF]. Xrhiggl
RABAKMBUEERE R MCM-22 5, HERA T =WRRELTR, B
R, —MABMARRE, AIFFPRAKEIAEE, 2WE T8RE R
ok, XREREH, LREROERTRDTE-BEN, RETRLK
MCM-22. 5%, RERRMIVIERM B A, RRORSER/), REOBERS, £
AREANEEET TRESRE, RNEERE.

5.1.2.3 RRENEMW

RGBSR EEWHASMNELT, LEMREGEERMMEL KEE, B
EHE, BEWREREKERBRR, & MCM-22 #S&IEE A 150C,
KA AERN BLRETE 180C, RAGHSERLEERT 150CHES
FEd g, EEkIRE!), BRX MCM-22 s B AR, B9 &t
MCM-22 #1488, BRAE T i8R0 8 &5 MCM-22 88—k, Corma "
FEE X Si0y/Ai,0;=100 ff) MCM-22 B R IRTEZ) A& T 150°CHH MFI 4K,
YE R 135 CRTT & T2 R MCM-22. Marques! ¥ \7E & A & B,
RIS E B 135°C &k, & mat B-MCM-22 RIEF A dmALiR & % 120C,
B3 SR A HI8 0B 230 K. 0 IR RGBS BARE F T IR E R,
BHAHHEREHFEMERK. 258 F, MCM-22 B F4EERES FH#ik,
ERAERBAEH. ZEHT MCM-22 £hZKk#daeEtmds, BERHE
CHAT ZSM-12. ZSM-5 BRAXHATIRESZ R EREF AL, ETRAT
HEERH., EETSEERE, MERNMHBREKBESRESR, Bt
EEE, BEHBLEEAESZESEE.
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5.1.2.4 BBt RIE

REHELREWTYRENEEREY — RERESILASEN Y5
MEEHBER. Al MCM-22 EEHELLETRETCIE 10150 ZH, —#4E 10
2 60 Zial, EER SiOYAL0;=20—30" 18], TGRS LU T AE R w1 5 4 4k
ES TN, BRAMAPESEMNSEMLETHBD, BN ALIEAL
HRERENT. BIESEIE D W8 KA BT A R &R A KIS 199,
Lawton Z1M7HA 3% A Y8 B W0 e (HMID A8 B IR, MCM-22 (P)RI MCM-49
BASRNESERBES A 2131 1 17-22. H|EEHBERLET 20
B, BS4EL AR/ R A HEERLEET 100 W& kA,
RERERER, HESHEE 2SM-5 HH %244 . Mochida 2581 gk %
HERER T ARG =0 4 RS, AARER RN 54K ZSM-35, B
LR 5 A ZSM-12 il ZSM-5. X R i PIl (9 5 2 R IR B o Rk B
MCM-22, RILIE & &K% TF, Si0, /ALO; > 80 FIA ZSM-5 Zx &4, Si0,
JALO; < 17 B4 B MCM-49 522 Y6 i 1 iR 54 . Cheng 110 SRFIK 9538 1 IS0,
RILEED Si0; / ALO; > 50 4 KA kenyaite MBS, BHSBMAERIL
FIE AT, N4 Ml kenyaite . Bk, MB1T1ANE RS MCM-22
WAEDEIA S '

XY FEM G SR BARER, RIBRIRVER, SETRERYSEMAHM
EW . 4R R, Si0yALO; = 30~50 B, ALY MCM-22; Si0y/AL03=71~
190 &F, LA MCM-22 55 kenyaite HIIRSY), BBEE B MG,
MCM-22 [1& BEH MO kenyaite B 5 BEHIEM; SiOYALO; = 228~609
B, S N\TTARE B UTM-1; RS, @&r=9h kenyaite. A
M MCM-22 fi UTM-1 Tl 5, &K BB LA DM,

EL HMI AR & B MCM-22, Al BOAT DRSS, BE Al £ HMI
AHEAREE SR MCM-22 HIEK. Cheng Z!' X7 E1') A NBR S
MCM-22 AT DMy . 5F Al TTEMIIEM, Mochida!™4%iA%, HMI F1
SiOx-AlOy # HMVAL=1: 1 MLLFIERE SV, REERIBHAE TS
HMUIAI MIE &YW 10 THILERZE, BEEBR GEK ZSM-5, EHEE
I ) 55 4 R ZSM-12.
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5.1.2.5 BEHTMW

WERBZIMEWIT R NERE, R LEEE pH /N F 10 B RAE,
BHEMERE T SRR, BE (OH/SH MTFESEmEmrdmiE, i+
BERHEH DR (NEERRBRHEF) ERBETESEIM, BERROES
B B E WL T B ss, MERRIR A& B8 M A A RA pH 3%, it pH
EEM A RS R RPN, FHAEREREMRST, R E
5. XIFESIPLERAABE R MWW SHBEA BRI, B OH/SIO, LLiIY
m, fALEE R, SibsenEE EEE, HREEEnR. X OH/SIO, th
KF 028 B, FHEEHERAKR, BEFBLERH MWW ZERHA. MkRAR
BRI, RILRBAREHTT, 24 OH/SI0=0.11 B, BEIXER Y. Corma %
111815 S S R ) K b, 4 Si0yALO:<70 B, OH/SiO, ZE8 % HITERIN
FL (0.13—0.3), #HATLIBBIBLAN MCM-22 BRAMBE, 5 Si0yALOs> 70,
WY IFRAE, FMSH R ZSM-5 4.

5.1.2.6 EEEEL

KHERBAEBEETEEN, HEELHEEZLERGERTRERER
e, XA F e RS AR KAER. @E N EAT AR
EHBENR. KB (WER) ZHEERT &%, ERKEFRENEK
T UL 2R, . EL S BRHERRAE RS L, GREW T A
SRk4E K. BREZLERFERXRB/DERMREE, mikREEKigz!,
Giiray SN\ HEZURERT B, BAKARURFTEERREL, 6
BRERRITH MCM-22 B, FAEASH MCM-22 i, ZHdENFEK
i) MCM-22 AAEE, BEEHEMEWEAN R RAHE, FleEE
. xFEBE WTTRERES, EAE EEEH MCM-22 R KB
TR, HEK EALRE TR AR A R4k, B RER, WTHRET
MCM-22 M4BT (30~100) . Marques ZHA LB ERLEHT, K
EMZAMZNSBEH THREBRAELN MCM-22 &k, BAHELENAZ
Ak & 17 e i) MCM-49 2 B 1% . 48 R0 S 21 8E E(Si02/AL,04=30), 50°C
ZWER MCM-22, Z8RZAM MCM-49,
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5.1.2.7 S¥aa80m

HTFRAL D FIRGE, NEZFSREERABVHENENZRE, WMk
M EAERP &S, REBKK, BRERGENANERE AR
A BRI SRR KA REHER, EfEERAT RIS,

EERT T, MBEE LS LR N XERPEL, FEEEPH
HolHl, BAMA—FTFIE AP SR AT FRIEIA K, 18 HIE
EATERAEFEY. £ MCM-22 SKIBRANTIES, bR I RS AR it b
0, R BT R B D B S CEERIE TR RIS R
EERKRS. ERAESAKMITEPMARMNE, TUHSEEAERBESEN.
LI SRR SRAR B A F IR 45 G R IR E MMM TR, Mochida 8145
27T MCM-22 P EREER, RILEMHGOSN, BRYPEEAEEZHEK,
AR AL E RSB B AR . 32 8 25 USSR T MCM-22 SR BRI 3ot =400 b A T S
A @SR =i ZSM-5 5 FIir ¥, RIMARERRE MCM-22 1
7.

5.1.2.8 Na*By§ M

# % Na+ WK EEXTH & B MWW B 43 7 7 19 B2 WA AN RO £ « Cormal 815 B,
B MCM-22 B, Na+iKERBER®, B4 ARG, Lawton ZMHAS, &
RAL &P Na+iRBESHAE R MWW S M9 F It S AR AW, 6] Na+ kg
BEZ3 7l-& R MCM-22 B MCM-49 43T 2 SiO2/A1203 LL#E 17~22 2. [a),
HMI/Na+<2.0 {5 T4 i MCM-49; HMI/Na+>2 %4 MCM-22. Vuono % (141
PG EE R oK, HMI/Na KT 24 MCM-22(P)i HMI/Na &R 4 MCM-49,
WA KOH 1ER5 LA AER S MCM-22(P), H HBEHIK MCM-22(P)d Al
S8 (A% 10 mol%) tEA Nat+ (K4 20 mol%) Ik, BE Na+fFEETF
MCM-22(P) B0 M. Marques ZEW7HA 9, Na+d S MWW B4 7 0% 2 4
WA K, Aiello Z!'"IL NaF # KF A5 LFE KT MCM-22, Tl NH4F 51
CsF AW {8 A B MCM-22,

52 ITQ2 BISHL

ITQ-2 5 Fik& R, B fif A Corma BFFLARMM—Bp A7 %, sk
KM SYIE MCM-22(P) I, A58 A A i CL 2 T R
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MCM-22(P)F B — P —AHBE (B 1.12). XTFTE&XKFMHRE Dumitriul®
B SR R [af AR R A SOCHEE A 1 AN/METAE Yy 25°CF A8 36h.

#: ik geadl. g

= Baowm
ot

Ak B

T S Te: ot Tal o

ITOQ-2 Layer Structire

B 113 ITQ-2 HM & AL ¥
Fig 1.13  Scheme of the preparation and structure of ITQ-2

5.3 MCM-36 BI& R

MCM-36 18R EILRAE KHkEE, HEREEREFSHRMH (RE
1.13). AR Barth % "SIH— s EHENY (ALO;. MgO. BaO %) SEf)
HESDERN T B IE K/ Si0, H 73R4 MCM-36 #H17S5ttE .

5.4 MWW B4 FiFaa gL IE

AFHHRULR-NEREERMIIE, BAMERDREERROESE
gty FERRFIERREMSEERN, BRERIRMNSH; BRMEBNEE,
RS, SHTNSRAMEE: BANREER: MRENER
TS, REANRTREAT ARG ATFREREFR, RiNE
A3t KA R ERREIRERAE—FAR, XYL E & TR
BBt
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f

’ ..__,..I-:{T-_ r-'_
swollen MCM % (17

P 1.14 MCM-36 f#I%
Fig 1.14 Scheme of the preparation of MCM-36

B, KXUWBREZOAFHIE, BRARSANEME MR, B
Rf ARSI EARMRA, 1HESRERRERAEEE X BhTHRS

ARMOIRAFBIRK T AE, FRVRBBABE ERIEL.

PIAKEHLEIN Y, JEREHESE, BEMRSEMBRRSERFER
RN, SHLFEIRY, oA T RERCBAR . 7E S R o R R L A
W, CRARMEZZSS THARESRANAEK, IR e RS b
THRERETRER. T, SBTHTHIMRENRENLE K. fIEEEH
Bilh, BHMRSE, EALENEEREVGRKE. SHERKEARKE TR
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R, KB RR, BRI RAR, BRXFPER SRS T LR
RRIWRGHIRT, W VWaXHhEHRRTHRENE, XMERABRHRILT
WRTE . HIHRRILE, BT FEERIRIREY M, SRREERHERE
BRI FE LR, HEAREMER, RERGEERHRETEHP S
MWRET, HFIIREERIMEEER. BT THRABHABAREDTLE
TURRRERIE AR, HERRBRMELWM, 2 TmRknsEeE K,

BHNEEJARETHE. HRERILE (CPM) %1,

XF MWW B 5Fi0 GAPLEE B 57 R0 P T I VA BT IRE .
b 7r G kit RS A FIB BLORE, it igviik, BBIPEI=Y FHERRS 47
#1HE&Y), A XRF. XRD, SEM. IR. TG LXK MAS NMR S AFEB{ER)
HREMRA. RAVIRT MWW B FRaGRAeMMAERTRE, BT ZR40
R RS L P,

EAH MWW EH5 F R

SFRHELH AN EEHERLEVAREL RRERDELREATR
HREPREREREEE, mREYHT RSB, BEFRSALER. RNS
BRATDRIBM ST 8. H—ERZHHRLEKRELER, TERL B RF
th. X550 TROB RGN, TXHEMBT. FRE. SSRZETEAHED
MHBIAA R, REBERK. M. miatk. RS HREE. 5 FHeF
FRAMTHER BREEHEKR.

MCM-22 T RAESHHEESHRME, RERBILSEMERERNE, WHE
BH/KPREET, WA, LRARK (KT 400m’g) FHRRYE, H
HEREFIEHER ., BB . RS, RARMEESESENNA
RELTATRE. MCM-22 47X FE£ M RNMRE EILERE, KREZREHA
[F)FL 3 45 # T7 LA IR B B 43 B7E IR R iR 4R T, SR T CUE o A [ R 4 S B2 K
TRBEAFEIRNAL: OMFFRMPTE MCM-22 53 TRIATRELERN, &
SR ILER LT MO REA T A IBHIEZ R ILETERET . OEEN
FLiE RgH TonRILE kg, BT XKFHS T REHAR DR, B
A+ RAILEPRERM, BXFFREYTLUE MCM-22 5 FiisbRiE
() pocket K4 R F. 1TQ-2 RME——A “£RM\” 2T, thTHEXNEE
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B, FERFET MWW SN ERBTIER, R RS LR M
i ESE A AT LGB, BAET MAONAR. MCM-36 1R —
MNEMANE NN ELLWRER DT, BREESE THALS FIRE
BRiEtE. BYERIA Lo Pl iS A X T K50 F R BB e B e =,
BHEERE K, EBEKXSFELRNP FEELFIRKEINA .

1990 “EHI MCM-22 EFIHHERIZSE, MCM-22 W FEIEIGIRE LN
FERABREASYHEFR BB T, 1901 F, HHT MCM-22 NHTF 3H
EREBIZEREFIT, 1904 B Mobil A X HiFTH MCM-22 154 2L
B sk Z 3K 18,

Mo/MCM-22 ZEREME S B RM PRI S Mo/HZSM-5 4 {# 1L
WEHERS e, 25 Mo/HZSM-5 M, Mo/MCM-22 MIFREMEET,
PEPAE G B R 0, MCM-22 A FIRGEBIKEE T (473~573K),
PSS RNERANFEN, S2X%AaHY, BT ZsM-5 4 7EPL R
NEERE MCM-22 2T+ o n B BT, X AR RE— )
Y, Bk, W ZHREEHRE.

Bk, MG, B, RRRRKNA R R S, R
B R RS MCM-22 4T i B R s bt e . Bk, X iZgi 4 70
AR S H R ZE T E A= SR TR M2 Xk,

Martinez %' 4813 MWW - FIH TEZ LmMRLRN, SR8
R ITQ-2 5 FHidiF, 5 MCM-22. MCM-36 4-FiiMitt, 545 B it 384k
AR ERE, WAL, Sk, BRTETRE, XEELEHT ITQ-2 [
AR MWW 4 TFifEE R St gt A, XAEESHEENKS T
AR RME A, L RE R K. RMeslE 5 #Z ER T-MWW i 351 &
Del-Ti-MWW 43 FiiH KL RER, FEANGHE FEH. 588 HAEL
R Ti-MCM-41 #F. Corma S LA 47 2-REHL LML RHFEHE
EER ZEPRMNRMHIT TR, KU ITQ-2 MiEH Ik MCM-41 &, fihiRiX
HBIAET ITQ-2 KK LLREMR. 54, Corma %Pt MCM-22. MCM-56
ITQ-2 MR MIEVEMAT THEMR, RN TFEES T35, KEEWTER
MCM-56> MCM-22> ITQ-2, BIAZERTEAIMA 10 TTHFLIE, BEAX=F45F
WL B BB % /DN MCM-56> MCM-22> ITQ-2, st FK4F 1, 3, 5—=
FRAEEMHBEN, FIETENF Y ITQ-2> MCM-56> MCM-22, X143 T
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5% 51 B

B M BIFF 1TQ-2> MCM-56> MCM-22 —3 .

Barth! 12408 + EALWE B AT HI& B MCM-36 HIF R R IIIE S+
NO FE R R NI T REME, 4RER NO FfLERIE 85%, N2 fllcE
ik 80%. TERERLEMEEARBLR S, EUEENF ITQ-2> MCM-36>
MCM-2251, X R i ITQ-2 F1 MCM-36 HIBRIANRIRIIR, HASFRHETR
& MRl B R B IEESr . B AR aT LR i 2, Bk, 1TQ-2 0
MCM-36 1E B #ELFE BB PNEAKRE. Hb 1TQ-2 bR &S . EEH
By, MiHEERD,

ERFIMBBMEL RN, NiMo/ITQ-2 R BRI PERE, HiEtEH
NiMo/USY ®. BT isfE@sh, &RILTEXS A o ish A [8) 8 45 wih ) e ) A 4
[161]

Dumitriul "2 & 38 A /M 4 Yy RER 72 89 MCM-36 IR TL, MELBIAR A,
iXFh MCM-36 [ 52 RS 2. 82 (1) BE B 10 R R L AN Bl e B =03 1 v 2 1

Bttt BERIREELE

HF AR XEESH MCM-22, 1TQ-2 F1 MCM-36 5 FiirT #EW R BB H
IR, BIEE A A — A X M iR,

L MEEY 10° Hz~ 10" Hz, FRiBMEA, RHEXF ARV Em
B, EEAFRBMEEHEE 20~ 2x10'Hz EEAN, FERET 2x10°Hz
YK T 20Hz AESW AR, HIZEMT 2 x10°Hz HIEEHAER, BFiEmE
3% 2 x10* Hz~10° Hz A R#R s .

BERENERG NS, EEPREBHERNE. BEERBAST
W 7 AR R it — B2 A e OB B eh T AR BT LUR &, BRI 1% 4800 05 ) P 2
M| QEFHEERIED, MFEASRINEFRE K, EESIE RN 20 KHz,
7 FEWRAE A 200m WHEEF T A BB KN D E I NEE R 312 1. K& KK
WL RSP E RN R @FEBEAFY, HEEENRERR—EER
Sk F LS. FRX SN SRkE THERAE S HFER) DRI,
FE S SN BE L ZE/RE.
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1.1 BE{ERANERE

BAEHR—HYSMEREIE, BEREABIEPSERME KA,
MO MR RAEZR, AIEHRIRA. AR SHAFRSERERL. X%
BUFRZ DBERRL, R E AN ERESY 10kHz~10MHz, X 57 [ 75 %
A 10em~0.015em(1E F K9 AB S AR L) Z h 50 W~500 W), XK T2FR
5 BB REREBEARNBBR S T, BRALSIEAERA B RM
TS FHEMDRES RS BIERN. Bit, BEBNLERMAE
HERRRKGFE SRS FOEEER, TRUTAEUIE. PRI
PARAHLEINS, it Mg S 5 minFaE—Mipn B —3
AR

7.1.1 Al

A AP AL R, W HRORE P R ) RE BT 5 | A SR T
BRI AN, R G B RE T R A LSRR AL

7.1.2 W A EHE)

HARMIMANRESHIEREXMNER, RETHEBGEELLIASD
RRARE . o) il X 5 B S POE AT SR MIB AR . 35 20kHz.
1W/em?2 {H F e K4 3EIT, XN BRI A 1.37X105N/m2, B &5 )EME
BPEIELE 173KPa $-173KPa 2 (G| A {L 2 J5 k(8D 20kHz), £ K AInEE %
1.44 X 104m/s2, KAREHMAEL 1500 1§, BIR, XEEEH T P 2540 L
Wiz )5 4 ] BE xR A5 UM P A il — E B TRk .

7.1.3 =L

PURBATHENRANEURE, FUERUNTEANEETN, 8]
BAEPIREFZER T RER—RNINETE, SESARIESR. 4K
B, SEEEERTARE, 2774, KRR A 48R H A R
aF, EHFERVEVELLRS, 0 FRIERAERL. 775 H 55
K, SFRIBER/D: FERBAR(REAR)R, 4 FRIBEM K, 208 A BRI K
Bl R, UMMM ENEBAR, 4 FROVHEERSHAE
TR, A TFRIATRURBEEENIN T, BB BEEFRRE R,
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Ziif), XAOURHRATN. FRERE, EHNABIAERHEKE, BE
MM RMFE R IF RN, XEBR RS, HERE—EF RS,
R R e LA N E 527 i AL

FhaFERATH (BEZUEREFMRKNIEREAZNEIKE B8
WK MRS BB RIBELE A, ERELERAERY, EEIME/LL
KB ILTAMKZ 6, R a8 T s iRs)) R &2 (BE T LA 1REE
AR KB B SR BRI Rk T E RS B S RI4E /D, B2 R H 48 5507 Bk 48 4
) . —BOAAERKEREATARERETL. BSTHRE—EILA
AW EEA, FhEEFERAERAER TREYS K, ELEBAPRN2M6: M
G FIEMER FZMRREREEZRZIH R SEEIRENS~ERE,
A S R KT A SR, DR R 7E 3R IR AT 11 £ ViR K o T A% B i
s, BIERFERHERLR, ELESHAHERN, FERREEF
WA B, FEERIEEE (~5000 K) &E (~10°Pa), T REHEEERF
FE200nm~300nm2 8], FIRTIXFHRMER. BIEFEEWHEIEEE, F LMK
B, RSB ARIXI0K « s, IFERER B ZIE rh o I AR L 400km 5 SR
SRR A . Bk, AN E—RF T AL ERENA O] A L B A04L
% RN T — T EEE Rk AL IR

FERAFRHITHBELERER, JLPFREEHMEBUEMFEx. XLEEMH
S35 Fragpr U,

£ 1.1%2 WBEEMS RN

Tabl2 Five effects of ultrasound

: G

Wik 2 i WAEM, SMAEE, £, REMEM, RRER, EmM. silaem, £
WEARfEF %

WA Wt Rk, G FE A RBEMA, TR i A A R A A

pic g 1 Bk METS. . M, FBRAR

ik 24 FERIE. EEM b E LG, IR TREMBLE NN

fLERR R#LERM, RERLER, REFD TYRHREARE, SEBMAKH OB, 5
RELERLF

k¥
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7.2 BE{LFHH

FEALZ (Sonochemistry) 5 R F A DhE B A A Z IR HERBHILER
R, RE&RNMEMGIREMLERMNK—] 80 EARMNRMAZEXER, EA
AIENEE R, PR RN R 458 R R % 50T Il M BEREAT L 48 i o
CABEITHIIL S R B 2546 %), R aE B 5901 N — U MEEA, ER
[T R E. BLERRLE.

BETEALERNPEOERFSRBRE RNYES FKF LEEERNS
. BARAFURMPKAMREGEBEAR (20 kHz~10 MHz) , MAZEMIR
BHR, SAKHEBRESLRNDEXEERNRE SY M RFE— RS
FITEREA—ZuER, B 115 2P HaM RN RER, BEST4% 3
M, BEESANAEX . S—R0EX RE R ax,

() Z2HREHTHRHBUSE, KESRSERBROERNVREY
MK, AT R & M. EE0SHBHRARERN TR, SHRAMRK
BARAEMNSIERR, =4 OH. N He B, HHAEWE. BERBRBH
RAESHITERNS .

(2) S EXEBESSH—BREMBRBEE, SHEERENAS
MEWFEHFROREERVPENE) . cATEAMTIPE &4, LaEE
FEWEN O B, BAKEBEARE. Bt FERBERUEIZZEA
AT OH » A BEEILFEIEF R R,

(3) AR, EERGTHREERY, £ 2 MRERB A ELH,
I OH » H RS AR MAES HRHITRN, BRNER]D,

g — X3 B R A2 RO B R W 2 (B s m 24630 S 0 4038 ) TN 7 4
RO E (A2 ERM €. FERUEARMRNEFEANRR (K—iit
EX) NERGHERPRKE.

IERZAL BN 7 — R4~ 3 AR BB A o Al s A0 22 )R IR B 73X
B— M ERSENLERNG, FEBFEERENEL TR EAZRERE
HIrZ R, BEEndoaEEys. ghsl, g5ulE, s
F el s HUOI R SRS B B R AL T SR B BIR R,

HEEMSRULREEENEW, BAKENEEHEER, dReEE,
BT, MRS EERAT RGN KBS, DT BAEEEH
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AR
CRBHE TR

AR
(ERE IR 1 RNRAE )

| AUETEER
™ g
— — — — — | GEEMEHTRED

B1.15 LRI ER NS ER
Fig 1.15 The sile of reaction provided by cavitate bubbles

AR R R R M AR R R T R AR, SRRBEETE

KBAEFTER. 55, BEFHERFERBRAEEREBMRE MK
B/ K KMHE T M/h ST HRE B hgg, HE T @R fK,
sk RT TR D A8 . A8 75 A0 AE BT = A M b R RO TS 35 000 1 R e
BUELLSMUNER R, SRR IPFR T A0 R R A
RELEREM., FRRY, EFHERT, SRR EERAME TE
W, MiBRERLhTESS. SBEALE, SRR EESRE. EHT
LUk A S AR BB it 12, RILATInE g R, Sa 33,
RERBSNTE, HABEHEME, NERELR, BIMEE, SR
[f] 4 i 5

FIAHEEES NS ERTRETRAL. 2, FEPEENAE, T
PLI &t RE R BRI SK M Rl . TR A ER T KM &EFFRA
W I E TRl &),

BA, BERMNTORENBRERTEFMIEN. Hagenson
Doraiswamy!' A B A FIFREEREWMEIERO THAREREIE
I ARAEWRBN R T B ah s, Hok B B R Rk R I A IS 7 %
Mo 11 T ARG TR PR 0T 7 18 T i T T I R0 I) A TR T R B9 BT I
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THAT.
PAEIX SR B ER TIREFRIRR, BREHIT T B3 hEMwts, 8
RN FE X FAB A IR AIRAY, R B 7w b2 A S UE S

BT XRXWMIBHREMAEDEEASR

I RLEERIN AR —EZEERF S NAmHAR A ANMK S EE
. FRRILILE, KRBT G MR g st RakeBim, i
SRUELFB—NEBEF R F FHKRIFRP B ME R LT, Ll
B R B AR P () 18 43 ) H 19 .

e el AE R B kB PE, BRPOEEBAERE, UEd
ZxFE. B EASMNERLELTIRAMBEAS TERMEM Y BT
s> 1], HRMHA Y BTk TREAREERITKETELUR S Si/Al
b, BRI OERE, EEREG —YREHLEMLDU Si0-ALO;) LIREG TP
[B)AE 7B R . Y BYSr FREfLIC R —, REVKERSAMER —kILF4, BE
HEERE RSP, KBNS FHRLUNGFRGHRMIRET BEFLET,
SHEpmtEpoEfl, HEERES T RRAAREA XL P I BILR
N, HEEWEMKS FRORMUEE. WY 22 TFRAONRERAS, BWT
AR tE. B h T RAREFPEIEF M, ATBEER—PEEH
BRRY B IR ZREHEKN. RF—-EMERNERE (BB, KHELRER.
Fh K Hia et m o i .

MWW R 5/ ITQ-2 Ft MCM-36 5 Fii &5 & 7 KILR AT g vk R fL i3
FEtE. & THILABHEMAILGKESRTE R ), B4
USY 2 Fa55! 7 ligeh 3R 48 5 MO LL IR K (R BRI MCM-22 M8, B8Rt
MCM-22 K=4%) 71, B KB BUTESRIEE R T AL FHBE, X5
PP RIED M S FIB R S /S wfIEXR. FHMXTHES FRMPTRE L
B 6B ML SOE A - — MR A 2 —. 1T H ai%F ITQ-2 f1 MCM-36 41
HRIARHRERD. R MCM-36 2 TROEHR, BEAELFBRE &,
HRER IR . B —Fpbud. BIE. 2FSREXBERYTFHN S ER—HRE
AHEXHTLE.

IEWATEATE, MCM-22 ¥ BR—RAF MR UM EEE B EN

40



F—¥ 3 §

el R R LA, ENESRNTES BB MELTER.
AR, A% MCM-22 W& RETT REBHR, KBEHRTIAKAER
Hik. BEKBERFTEMBBEZ SR E, REXEHRERRA, &
R AN RS SIOYALO, TEFR%E, —MA 25~50. LI/ T H3E I (HMI) S 45
B mFE&R MCM-22, FEHK Si0yALO; =20 ~30, HFHES FRAAHIE
ENE. BNk RRENE, B4 BEEBL MCM-22 S FRIEER, U
2 Jy AT R 7E A ih b 1 £h B AR I N b BT LASR A o )T A B PR . BTRAA
MN—HEEZREHEEELN MCM-22. RMEFEMHFTHEAILLS IR
MCM-22 W14 RE PR L e i a. B5AMIEERFE KB —FREE H %
K fif PLIX A ] R
BFLL ST, R RLLT HA:
1. B EREREIFTARNER, RNAGEERRRE, BES
& BEEMCM- 220 TR B EE & & & L B EF) FEMCM-22
aF .
2. ZAENERERELIEREEDNEZEKERE, SHEWihER
B ER, H3 KRR MCM-22(P) MIBIEHABITHR, #
el MCM-22(P) #i%& 1TQ-2 ME &1,
3. A HEBABERAELT, 3 EEEATREITEE, KRB PR,
{818 & LA L B HIMCM-36 7 T B .
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B _F DS

BE ZERS
F—T HKAS5E#E

K H M’ A B
KR Tksk WRBEARR L AB
s e L& NI T
REVE I Tk M IF R ALKt
Hix 2 1# Tk #irg 2k
FFLRER Tk HHERS (EH) L IHBRAR
T2 Tk EHERER (EH) HWITHBAF
kR SHHreE RBRBEENICFEMER AT
75 7 B P fi 4 Hrét ARG T
B8R S ag RETRIEH el
RELHE HLiE RETRIEMR SRR
TKZEE ik g KEN LA KERE AR
"L Sirat KEMILH RELSERF
ik ALk KB HIR PO
I7e1. 2854 sy ¥k RIBREFR KA A]
WE_ PR kR0 ez AL A= ar e il TS
i pa i RETAREHIHA
PR H A 5y ¥ 4E EaEoBR i TR EER A F
P REE AN Gl LK LA B TR A RA R
FTIRECRERE  Shrd RKEMEBILERFT
TARBE=ZFERILKE  Sa KEWRZLERFT

JEfERR RS W 4R R dfhElmn—/
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B_® LRSS

%Z% LR KE
% % RS A= X
e ANE 15ml, 20ml, 50ml B #!
B 50mt: 0~90 ¥%/7+ HHl
WL 2R 78-1 IRAEE 3k T
EAKXHTR CR AL e T
WEIRFP B 0.1mg JLRNFENET
FRF PB153 #!;/% B 1mg METTLEK TOLEDO
R AL LR @ REWBREAELRUBRE
R CKw-I1 & JuE AR BEh LR
T — ﬁg%k%A@ﬁﬁ?ﬁ*ﬁm
BERFIHRREEHI XMT-400B bW AR gL R
B TDL-5 & bR R
BE@m kX KQ-50DB BlLmidE X SEARAE
=ML LH586-2 4 bR
R 2% 7401 & REBTMTH BRI

FE 5 TR & BTV LA
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BB R

$OH SRERNRESE

4.1 X-GHEBARITSMES

F ALK # &2 5] BD-90 ZUH1 BD-2000 B X §F & #78 BCh = K2 & =Y
MM, %A CuKadll, HRBEBEE, B 40KV, Hill 20mA, $% 002, F
H BT RTE H AE 2 D/max-2500 B X $HEATHAEMITH, Coka 8, A
BHMEE, Nk, BR%&M: i 8.5x107A, HIE 4.0x10°V, K&t 1°, &%
1°, Bl k48 1.5x10%m, 2B % 0.01° , #2388 Sc(TAEHIE 900V), K 5M 3 a-Si0;
BEfAEE. BHAERESRE, BANANKERE L, CUESEH#TR
WRIEE, WEMBRERELE BD-90 A S B, REH Origin &
YT IR . BRI AR R AT AE, PARIRRRTTHRE .

B — A4 RBUTRI RS TE bR, SREIRE R 100%, FE S K XRD
A 20=7~10° X 24~26° 2 [l 75T SR I RIAHXE T BRAERE S 20=7~100 }% 24-26°
2 [A)fi7 S5 W 95 BE R & 43 bb R SR AE M AR 45 B

4.2 BUERRANE

SFRHAIETES. KRR ARMBEE (SEM) M. {X28: Hitachi X-650
RIH1 Hitachi S-3500N B K F R (Scanning Electron Microscope). M #if
EEMRETRR—EEE, HArFa el REEEARNXE
AT I H AR
4.3 BRI RzHAH

P BLAME B4R SR R A B (LM B R TR AT IR IR BT . X
BASR. ME Bruker 22 AR Vector 22 3T AF B4 4b i (. T3 5 HE
fYeEE 383K HE T 18, KH KBr i, 46 A 400—4000cm™,

4.4 BEIIMNRTNE

f# Bl Brueker Vector22 FT-IR Y64, 5038 f0RE & &y 56 A 6 5 PLIE 1 i Y



B8 LTRBIT

AHEIEER, T 4w0CEFPmMMGENL 2 AE, FRTHEE, SHEEN
400-4000cm™.

45 LESH

7 TIPS LA R R R A B T RS OGIEE(CP-AES)RIE . K
11X 3 & IRIS Advantage ICIPTM , A HCI. HNO3. HF. H3BO3 %+, i
A BBNE 1150W, HEIRFEE 0.5 Vmin , BSE 24psi, Fi#E 100 rpm

4.6 BTEHESTREE (HRTEM) Fid

{# /i Philips 72 & FEI 2 8147 T20ST iE5 e, TAERIE 150kv,
AR BOKEH 100 51%, 99£ 0.2nm. BHFEEHABEESR RAEE
FHM EMEE,

4.7 BETERELRE (BED):

18/l Micromeretics ASAP2010C, 7EiK N iR/E T, AERATER & [ At 3 5
AL TR B 2R 2% . TR B IR P LR IR B BR A BET. AN EA#
R RE: B EREP TR HREHRABIEFA Kelvin 230 iH HAHEL
LA s TR BH IR 2% o 5 EL s 0 B (p/p0~20.90-0.95) i) i #R 7> .18 AL
HfLER.
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PoE maeilk MCM-22 9y FRRRIEIK

F-F FHBEMCM-22 SFFRS R

B M Mobil 247 1990 E¥ KA HH MCM-22 STRIILR, T H i
LSRRG, BalxT MCM-22 57 Ria a A g1t
RERIFR B i L SRR R A

IEER, AIX MCM-22 FIEMHATT KBRMR, %5 HIT a4 KK
ARFTE. BAKRERTIE. SAEBE (ver) " g 2k & 7 ™,
B TMAadOH. HMI. FORE. SRR Bl RaRee0%, B
AMF LF#E NaOH. KOH'#, NaF f1 KF'¥%,

BEXEWHER RN, SR TTIRA SiOFALO; HEA, —#% 25~50.
CAZSWE FF 2 W RE(HMI) A 4540 B A 0 MCM-22, iEE /) Si0y/ALO3=20~
301" 16 137) i TRk FIR R A A, MRk GRS, B4 &
H{t MCM-22 5 FRIMER R, ULz AHE(EFI AR EA min LR Kk
0] LU &P R 3 =2 . IR AN —HEZ RS M EERE MCM-22 4F
. RiRFBWEHPHFEBLLSSH MCM-22 MG SE TR E RS8R,
B4 ANTERA HB|I—F IR B KRR A 9 L

Mochida S DIREVERE HREMEE R T PRIREB LN WS SR, B3
REABLL B B A ZSM-12 Il ZSM-5. XIhiFEiPI, Rk B AR S LA
. MCM-22, RBLEFAKMEHT, SiOYALO;>80 FHEH ZSM-5 Fudi4 i,
Cheng %l RA KB B A IFE, KB BAM SiOyALO>S0 &4 KA
kenyaite AJ/R&, HH S BEEEEILAMKIIEM, LHEM LML kenyaite
. Plevert %0 &M MCM-22 BRI, BIRF Si0/ALO=690 K%
WA AE MTF 4% UTM-1 5. KA NNN-ZFE S Witk 8 a8
25 HMI MRAY NS SR BEIRR ITQ-1 TR . fny i
IWHRHBSESR, BELE 20-50 ZRFBEIRGFN MCM-22 &4, H
BMEESRELR 100 1, HAHE MCM-22 B, TSR ZSM-5, RHEHE
BHE MCM-22 iR, BRI E ZSM-5 E18, Vijurina &8
WA, BL HMI HHEEH I PL & s Si0x/ALOs thA 80 #5 MCM-22, it
HERVAHEER & B MCM-22 %A DRIA S . BEMAE LBIZIE MCM-22 &
LA .



B=H FHEEEL MCM-22 4 T 015K

AEH EWERBREEL MCM-22 4 7RIS HERSTERNEE, #*
HARNERAE, FRRESRALREME.

-9 ZRBH

1.1 MCM-22 HI& K

MCM-22 TR ME REE M. S RP B R #4T, % NaOH
REHE S MARRKS, REWMARERSHN, TR FHEHRE 05h, F8
EEER. REMASTERETRE (HMD, S8R, HRREEE
TENREEST, T—2BETRLERENE. SUERE, H-YMERE
KiekZEPiE, 3, 378K T 124 B3 MCM-22(P),

# MCM-22(P) O\ B3k h, TEASHAT 823K £54% 5h UL LB ERA.

1.2 §8 MCM-22 B3 &

BHERS IM RS R IE B e =1/10(gmIVE AN TR, 72 S0CT#TR

W 8h 5, BOSEE, AR FRERITTHR, SZRETERE, &

¥, k. TR FAATHEREFTHEE 500 CHRER A 5C/ ke

3h BB BIE R MCM-22 b A

1L ESRET, B RIS ELNERABEESRY 0KHz, BRES
& SOW. Tl B R RHERN B 2L, & IAERFIHMDIITT
. XERYEARZHERFSIRAFHHE. &k REDIWEF
Fife s MR8 (UMD .

i 2. BiASRILE, RERANEE L. 40 /R

3 PBEAR SiOyALO; <50 ARMATIHE A RFERILL MCM-22 7}
j"ﬁﬁzﬁﬂﬁzﬁﬁi Si0yALO>50 & RS F it X hEEtiath MCM-22
BT

4 RBRIEFBHIEY, WX ETERBREHSIRERE.

vE 5. R P RS RIS, BN T ERRAIE AR RORWERN
ER AR MCM-22 7. EAERNNLRAGFTXEMERERR

HFREMELHRREHRTRENERE (WK 3.1, F3.2) 7,
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B=F SHEIE MCM.22 3 F0E%
31 REEANER RSN R

Table 3.1 Synthesis results of different silica sources

Sample silica source time / d relative crystallinity
1 macro-pored silica gel 6 95%
2 silica gel for column 5 100%
chromatography
3 precipitated silica 1# 7 95%
4 precipitated silica 2# 7 90%
5 precipitated silica 3# 7 85%
6 silica sol 7 80%

$i0,/Al;05=30, Na/$i0,=0.1, OH/Si0,=0.1, HMI/Si0,=0.2, H,0/5i0,=135, sted=1w1% of 8i0,, T=428K

£ 3.2 BHEXMNSLERNER

Table 3.2 Synthesis results of different aluminum sources

Sample aluminum sources time /d products relative crystailinity
1 NaAlO, 5 MCM-22 100%
2 pseudoboehmite 7 MCM-22 95%
3 A{OH); 15 amorphous 0%
4 AlL(S0,4)3 15 amorphous 0%

Si0y/AL;04=30, Na/Si0,=0.1, OH/Si0,=0.1, HM1/§8i0,=0.2, H,0/5i0,=15, seed=1wt% of 8i0,, T=428K.

oY ZR5ie
2.1 B &RATHRERIE MCM-22 4 FIEBIE MK

RS MCM-22 4706, RN&HRA BESHLANZ, Bk
AL MCM-22 4 FRER A BN RET T #A S i+,

2.1.1 BEEABDBRIET (HMD) BRHEHE

BASREBMIRA AR K, HMISIO, BREZXE 0.9, HEF B
D, FimH R AR, HMNdSELERRE". BRIKEELEHER
NMATEREESD, AERRERANEAE, 45588108 M0S
Ao fE .

£33 FIH T EEELLAMRBAEFALEN AR MCM-22 4AENEY, B
3.1 fH TR XRD &, I PEMLFEKREEILSHE Y. OH/SI0,=0.1,
H,0/8i0,=15, seed (MCM-22(P)) =1wt% of SiO,.

MRPYHIAERT S, BEEHERNA BRI RLEE MR, £RIERR. B
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B=F HEEEH MCM-22 5} TIM &5

THR 1 AMEEAINEESS TS E. ERNEDRESRFHERRET 25
ULEEF AlO,” £&5h, BXEMBEEHS MM, BT rARIL S fE) R
HERF T RNEERE—FERFEWHET, EfeErkhasgn. BIEr
BRI B RSB ATRIEREY, WX EBRERE, FANRERILENRED
BHifE, WA HMI SE-—BIHTHEEE. EFXMWERZFHT, ZE4EE
BRI H 2R R ILEHR) B 6 B MCM-22 4R, ASCAHERS &8 MCM-22
IR RERR AU B L HMI/Si0,=0.2 A B 1E.

% 3.3 WRELL A R KB P R A B S8 A MCM-22 S R W
Table 3.3 Influence of amount of HMI and ultrasonic-assisted aging on the synthesis of MCM-22*

Sample  SiOyAlLO, R/Si0, time/h products relative
crystallinity
Al 30 0.05 144 MCM-22 80%
A2 30 0.1 48 MCM-22 95%
A3 30 0.2 36 MCM-22 100%
A4’ 30 0.3 28 MCM-22 100%
A5 30 0.05 360 amorphous 0%
A6 30 0.1 120 MCM-22 90%
A7 30 0.2 108 MCM-22 95%
A8 30 0.3 84 MCM-22 97%
A 50 0.05 192 ZSM-5+ MCM-22
Al0" 50 0.1 60 MCM-22 90%
Al 50 0.2 50 MCM-22 94%
A12° 50 0.3 36 MCM-22 95%
Al3 50 0.05 360 amorphous 0%
Al4 50 0.1 168 MCM-22 83%
Al5 50 0.2 120 MCM-22 80%
Al16 50 0.3 9% MCM-22 82%
a. T= 428K

b. by an ultrasonic-assisted aging procedure
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A16
Al12
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‘ Al
W
As
; A3
Al
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3.1 #4H AT XRD
Fig 6.1 XRD palterns of some samples

MEBAEZUNLRERTR, ERENLREAHT, BFEZASEET
datbif(a), xR AR A 0.1NaOH:Si0,:0.033A1,0;:0.3HMI: 10H,0 fHE & R
5 28h, MG TABENEE 84h, 1 HERF A MAB A LW &,
AHA—ABEEEHREAEARKRFEATUBRERNGER. T
Si0yALO;=30 AIFS, HMISIO, ATEAREZE 005, XEKAMMEEEE MCM-22
S IRE RSP R—NE. (B2 HMYSIO; aJLLFEZE 0.05 B &5 51 b R
1%, AL EIBELREC, 29 SiO/ALO; REH 50 B i T AL Ia) A T4 &,
ALK MCM-22. BEFAIMEERTESE (HMVAKL) W74 5
MCM-22 437, CERHIERA LB B4 S MER, XaTLLAPFR MCM-22 4
FI BT ER -5 A,

MRERNLRERRE, AELREZWI B IFERE NS 140141 142) gy
FEAAMTFEEKR G, WG EKER. Giray" A %84 B MCM-22
T IREEIE RN M. A EZ BTUBHEE MCM-22 7GR
BAEALRENTRFAOER-BRFE, % TrREBRGMR, mRT S
JE R .

RE X PHGFFTIRE, MCM-22 4 FHEASEIREE R SR
U5, T ENIRA Y, WA SRR B RP RS EKN, BN T ik
Bk AR REMAEEMRATT, VIGEEKREBEMAEED, BREEE
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B8 BB MCM-22 2 TR &K

HRHERRERRE T, ENX#E— PR ARG RN ARG &k
o, FARBESERBERAEN. WRERKENE RABHELR, bTEs
FUTER R, SEXE-MURNYERNF, EFAVERARER R
BLRX, FXNKEAKEBIRFRE, LT XAREREDF RS S
ML EMA, AHERRHT BLEHNERIRERIRE T, 85 ETH
K2 TRERRFRS T TRXFRNLE RN, ErEEREEIREE R H
R, R, 882 E F A o TR ERAE  T/NJke  JE R AR AL T B
TR, EERAZIREREME LR, BIYEE, MET &N
il

M 3.2 Rl THEEL. BEEUAKRE BT R =FhEERE R M &1L
B, WETM, BEREET MCM-22 4 FRip &L al, 55 28
BHMET RUEETR. EEM MCM-22 HidEG, REBUABERERRL
BIMKE 84h, HLEET 120h. HRAFSZIHAESE, BUFETHEE
% 60h, RALSERT 90h. WMiAERCE S0 A )G 55 3 R R k5 S0 1) 43
A% 30h F) 48h. RILFBSMGHET, SEEKPLRERT, BABZKHE
AR HE LR

Relative Crystallinity(9)

20 40 60 80 100 120 140 180 180
Crystallization Time (h)

Fig 3.2 Crystallization curves for zeolite MCM-22,
a:ultrasonic aging, b: static aging, c: without aging

ZHRELNE, B K AAERETLTSHE (LE 3.3). HERFRHE
ik, F Si02/A1203=30 HIFESh, EREHELHEBBIF MCM-22 JES KK
BGHE, &R BTN, B2 dum, BIEAN Llum, WR
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B8 HEEELE MCM-22 4-FIEEIR

BRIRABAE B AT MCM-22 75 A E KD 1.5um ¥ 2R
iR

Si0,/ALO5=50, static synthesis
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B=F RS MCM-22 4 FIHBE R

Si05/AlL;=50, static, and ultrasound synthesis

B 3.3 MCM-22 5 T 1 JES
Fig 3.3 SEM photographs of MCM-22 samples

51F Si0y/ALOs=50 KIS, RH B LB EIH MCM-22 FEH 4 3IER R
HEEAWBEAGE, ZEFERABRENEFHERTK (WE 33), BERY
6.8um, BIEZH 1.2um. MBREHEFRAEBRN MCM-22 7= &ch Hi24)
2um R, ZW A XE BN R A

BEERTEMRS A, EER DT85 T 054 0 b s o dxt
WRLEY 81 U SR AR SRR A G, B4k, BEEEREE
B R R 7E [ PR R R 181 AR K B NSO IR B R BRI T /b R L R il
HHife, METRENEEKK, HREAXNSH, ARTHRENRBEFE,
EHARP SRR ENE, BRERD, SRRSTHEHEYHER,

HIR, @EHEMET = aIER. Biam st — 2 iEE K MCM-22(P)
A1 1TQ-2 F1 MCM-36 4+ FifRFIFAE, B ATRE/, BIKNEAS W’
%,

2.1.2 WENEM

WES MCM-22 - FRMEWRK, R 34 BRAFRBRENEHER. HF
PR MEIRACLL 25 Y . HMY/Si0,=0.2, Hy0/Si02=15, seed (MCM-22(P)) =1wt%
of $i0;. W 3.4 BT HH I XRD B,

LA RRY, WEREEFELNRLEK SN ZSM-5 Z¢d. BEE
TR LI R, AL R BE Y, (BFREE . BHERL
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B mabfitk MCM-22 5 TIRRI&IX

# 3.4 Na'IKFEMBRIE A & 1l MCM-22 Y2
Table 3.4 The effect of amount of Na* and OH’ on the synthesis of MCM-22°

Sample Si04/A1;04 OH /Si0, time/d products
B1® 30 0.05 7 ZSM-5+ MCM-22
B2 30 0.1 2 MCM-22
B3® 30 0.2 2 MCM-49
B4® 30 0.3 2 Quariz
BS 30 0.05 10 ZSM-5+ MCM-22
B6 30 0.1 4.5 MCM-22
B7 30 0.2 3 MCM-22
B8 30 0.3 3 ZSM-5+ MCM-22
B9 50 0.05 7 ZSM-5+MCM-22
BI10® 50 0.1 25 MCM-22
B11° 50 0.2 2 ZSM-5+ MCM-22
B12° 50 0.3 2 Quariz
B13 50 0.05 10 ZSM-5+MCM-22
B14 50 0.1 7 MCM-22
B15 50 0.2 4 Kenyaite+ MCM-22
Bi6 50 0.3 4 Quariz

a. T= 428K

b. by an ultrasonic-assisted aging procedure

B ERB AR, Si0/ALO;=30 KIF M7E OH /Si0,=0.3 BIF KM I A
RBEM. KB A & B R MCM-49, ZSM-5, @ik LLa 4 i
BHEER ZSM-5 1 Kenyaite.

BRI MR R AR, NTHEERRABTERRPERES
A BEABSMREBRRIFAERE, BNE RS EANEE, Bk
MBS RRURFWMEEH. N\ LTS RRE, MCM-22 5F iR ixe
— AN FEEFEFINLRE, PRANEFHEHLE, HFHEM pH ERE&H,
R IREAM, KRdBNESERRBABRRET, BTFER MCM-22
WAL, RS MCM-22, WEGES) ¥ RMAEREMRIR, FEitik
RSB, 2R Y A BB A B (8] ) 1 &l o)) ) S A I 8 o h 8
#, B KIRA S AR ZEI8E R = A Mt .

B 3.5 BEMBMER, kenyaite 2 B —8E NG MRERE,
ZSM-5 REHERK.
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B 3.4 FaFEmA XRD
Fig 3.4 XRD patterns of undesired samples

ZSM-5

B 3.5 ZvdatranfIes
Fig3.5 SEM photographs of undesired samples

55



BoE AakElE MOM-22 5 78IS 1%

2. 1.3 G{LEE R R N5

TH MCM-22 537 ifiet, BREHBHIFRSESEG, BH MCM-22 %
RMESFRPARBBEEN~Y. [EMLESH MCM-22 4FIH &0 i% e —
TR HFRHR, PRBDEFHisHIIE, BRER MCM-22(P) ERN
BRPE—MIEE, BURE — AT . S el R4 i
WFTR 35 . B 3.6 RESFEMN XRD %M.

# 3.5 RRACHT a0t = YA el o
Table 3.5 The effect of the time on the synthesis of MCM-22*

Sample SiOyALOs R/Si0; H,0/8i0, time/d products
C1 30 0.1 10 3-5 MCM-22
2 30 0.1 10 6 MCM-49+ MCM-22
c3® 30 0.1 10 1.5-3 MCM-22
C4 30 0.2 10 2.5-4.5 MCM-22
C5 30 0.2 10 5 ZSM-5+ MCM-22
C6" 30 0.2 10 1-2.5 MCM-22
C7 30 0.2 15 3-5.5 MCM-22
cs® 30 0.2 15 1.5-3 MCM-22
9 50 0.1 10 125 MCM-22
C10° 50 0.1 10 3 Kenyaite+ MCM-22
ci1 50 0.2 15 13 MCM-22
c12® 50 0.2 20 1.5-3.5 MCM-22
C13 50 0.2 30 2.5-3.5 MCM-22
C14® 50 0.2 30 4 Kenyaite+ MCM-22

a. T= 428K, OH/Si0;=0.1, seed (MCM-22(P)) =1wt% of Si0,
b. by an uitrasonic-assisted aging procedure.
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B 3.6 #s+EME XRD M
Fig 3.6 XRD patterns of some samples

ZHEEYWALAE, SF5RKEEL., BE. BE. BRFRE, K
B, 3HAMELEHTAHRNE. BF -G BHXFN, WE-ERLEHTHR
— A RAEN AR, KTFXAHBEREEAEE, SGER BTEXIMNERESE
mERMNOIR. REXHLREHTRERUNER 2—3 X, BEEEK
FIZ4MATEEREE SiOyALOs=30 IS, EERMKEEE 2 MCM-49, K
WE SN R ZSM-5; 3t SiO/ALO;=50 MIFEMILEAEZ Kenyaite.

2.1.4 BMHIF M

e S F R RAGEER W, B0 S R E R SRR S TR
MEREE. BRAFMERAREMRALEFNER, BTHEENHEME
fEsh R LS| B A MR EN A T4 MRS B I8 2RI BR
BTN, B U R R RS AN, e E R
PR, WbE M —Fh 4 T IR R, &R T e —MERRER
# ZF 2 TIREER, HERBRIFERN .
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HWoE GhFelt MCM-22 4 Pt &K

A SIS B 1TQ-2 RidktE (BB ITFREREYE, Bl 1ITQ-2(P) &
7). ERETEAE (MCM-22(P)) FI MCM-22 {E4 &R, 28T &% MCM-22
FFHERBAEW,. R 3.6 S THRMAFSFELRER, HPESEEIR
B8k Si0/ALO; =50, HMYSi02=0.2, H,0/8i0:=20, seed=1w1% of SiO;,

(B REBLRAE SR, BB S-S REN 5%). B 3.7 &4 5L ITQ-2(P) 5
MCM-22 A &F ) XRD £,

*3.6 RKHGILMER
Table 3.6 The effect of seed added on the crystallization of MCM-22"

without seed  mother liquor ITQ-2(P) MCM-22(P) MCM-22

t/d crystallinity crystallinity crystaljinity crysiallinity  crysiallinity
0.5 amorphous 25 23 14 amorphous
1 amorphous 56 52 40 20
L5 amorphous 82 78 60 42
2 20 100 100 77 65
25 47 100 100 95 82
3 69 100 100 98 93
35 87 100 100 100 95
4 93 100 100 100 o8

a. by an ultrasonic-assisted aging procedure

MFE 3.6 F1 B 3.7 "JLAREH, BRI SRR REREREH.
BAMSFHAERNR A Mg, wWHBRERK, SHEHRE 20%. melék
BKEY ITO-2(P) fERM—REHMIRR T, SRERX 56% M 52%, JLERE
i el (WA 3.8), R, MEAHES. FRSHERS R
HFEMNHEHEAR. %R Dutia'™ 1 Bdelman!'® M4, SF ML
SRR T SEEKAENEY, 48 SBGE S MA%E. Mochida™® #1 Diaz
FHLRGEREUAMABESPSEFHEZTUSBHESPMHER. 65K X B
WEE, MA 10-15% Hr 8RN ESY(EHE 75%X Bha8 25% EH
SEEARH), SLNRGEETEZS2—, FAft&xs, BFE Beta i
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WEF FheEEH MCM-22 73 TRl &%

Ffbh. kBB A B\ 4 R LRSI AR R, E A — e R T

intensity
%

26

B 3.7 #HEN XRD F
Fig 3.7 XRD patterns of some samples
a-e: for |, 1.5,2,2.5d using MCM-22 as seed
£h: for 0.5, 1.5, 2d using 1TQ-2(P) as seed

BIERESH X BAMSHER, ZHYFLF LRESBIMNTES, €&
0.01-0.1 KRR kSR, WERE 100C MMEZ &k, BHAKY X b
o X IERAENSHAFUABIEMUES L AR ERAR Y 2o TRINLT
Frh, (LK HEE, FHAERAFREE, AREE.
FEASHUSREBRGEERS, BT ERPIEREAEUREL
REHITENEAGHATREREAZHB TN ZHENH, SNB0 3R
Eammt, EhEESE. ITQ-2P) MiFEtEKZ, ITQ-2P) HRERRK,
M TFREEEERAEABNRESBHERERERPHRIERTERES
B, SR REBFNERDT. MCM-22 165 B FEE SRR, XRNTHES
wiEEE Y AT Si-0-Si BiERRTHABEERNIRE, SHRidE, i
AT EINRES, EAnNRERRD, BAERMOERLEAZE -
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5% ikl MCM-22 43 FRith &k

MEMBEFTH, HENRUERRK. HLBHER: SMHHSHER
K, dbEE R, SERSEMOERERAR: PRBMBIWNEE 46
fefliF 3, RESLERE, B RER RE LR,

100 4 —g=——f=
J i =
— 80 .
R
Z
£ 604
.3; | a
o 40 -
g
B ! a without seed
T 5 b MCM-22
J c MCM-22(P)
J d ITQ-2(P)
0 & mother liquor
M I o I v ¥ v L] 4 1
0 1 2 3 4 5
crystallization time( d)
bl 3.8 ¥E AT AR fL 2k

Fig 3.8 Crystallization curves for zeolite MCM-22.

22HSEHTSHEELE MCM-22 HFFHaS AL

kg, BEN MCM-22 WBBEHEERDIAF, 595 &5
MCM-22 BI& /%, BRI R LT inl & MCM-22 A —aiih. &4
BT EHRAEREMEEEEL MCM-22 2 FIiR LR, B AERE &4
AERIER T, KRR RILE B S, W R BT RGE S B8, i B SiOyALO; >50
EEESEH. RBEEEHR MCM-49. ZSM-5, ZSM-35. ZSM-12, MOR #
Kenyaite % . HArEMERAFHFTANET MCM-22 4 Fiif S
SIO/ALO; IR A AR 100, |35 SR I EE K E LR ja) B9 pi: & W & 6
MCM-22 43775, MAGRERYE, ZHRIETLUER MCM-22 /)& ARt
B, EREN n) af GERE R ARSI, BREBER, NMHERET
MCM-22 BidEEEiE (30—100) , EEf1&KE SiOVALO; =100 /=4y



W= EEE MCM-22 4 TH0& R

Br L&A #dh Kenyaite.

ERMNEBFENZERE FEFRIAFRE, OBFSEHRERABZHA
B5:, QURAZASHKRESHBARS, HIEERAL TFHERSE, &
LN TP R, BEGRIERNE ETRE—MRERE,
FIFAMEL, BEEMRA S SN ZRXR MR RGN,

2.2.1 HRRFIAIF NG

RITHRWMTABFBRERATEENHBTANK SRS E, LR
FREAE L B84 « Si0y/A1,0;=80-120, OH /Si0,=0.1, H;0/Si0,=45, seed (ITQ-2(P))
=1wt% of SiOz. FEHIEHLTE 50°C KPS 4 60min, FHILEMH 150C. B 3.9
BHT 3 MM XRD EHE.

3.7 BRI B X £ i i B
Table 3.7 The effect of amount of HMI on the synthesis of MCM-22

Sample Si0s/ALO, R/ §5i0, time / d products
D1 80 0.2 4 Kenyaite+ MCM-22
D2 80 04 3 MCM-22
D3 80 05 2 MCM-22
D4 100 0.2 4 Kenyaite+ MCM-22
D5 100 04 25 Kenyaite+ MCM-22
D6 100 05 25 e
D7 120 0.2 5 Kenyaite+ MCM-22
D8 120 04 35 Kenyaite+ MCM-22
D9 120 0.5 3 Kenyaite+ MCM-22

%39 TN, EHFEGTUIVHERE AR, FRERE I150CT
R#E Si0yALO:=80 IR EILL& 4L MCM-22 47, ZERAMER
L F el Kenyaite AR FEAEEFIFE D, RUHERK, SR 6K
BAESER. Wx THIEWESRPAER, TREEHRE XA & 4
ff MCM-22, 4% Kenyaite SR — T, W HREERFDHMRE,
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B SaELE MCM-22 $FFIB IR

BAESLER, BT Si0FALO;=200 KIS, —JFihdkdh Kenyaite MRS,

P8

Intensity
%
7]

28

& 3.9 MaF AT XRD
Fig 3.9 XRD patterns of some samples

T MCM-22 KiiRE5. HIREEENLANER, & Kenyaite BIERM
KH. BERAECSGEKSNABE, ZSM-5 B4,

2.2.2 WEREN

BEFIEFHMEA, —PREBHIHREBEFARS BRHIETHES
), A—TREHBRPEHS FERENME, UREE—E£8TRNR
HREHBEFTRHRT. —REREES FRERTERBE TH#HT. Rk
A% SiO/ALO;=80 HIFEM NPIEH TREX S RMEn, 4RAE 38, &
BHEICAC LE B 808 : Si0/AL03=80, HMI/Si0,=0.5, H,0/Si0,=45. seed (ITQ-2(P))
=1w1% of Si0z. FERBEIAE 50C KPE AL 60min. B 3.10 BEHFERIN
XRD Hl.

R ERRENBAEER MCM-22 4 FREEMIR K. R ARE 4K
HIZ Kenyaite 7+ 7%, WHBWEBIRK. BEREE ZSM-12 B,
PR EhBy, REEEARIRR, R ACBEAMTHEBER, EALBME
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E=F S MCM-22 2 THHE&RK

HRMIBRERIEET. TR TPEEBNRRREURSEE K FH R
RMRET, RAEERIR, GHEEERRREE MCM-22 R AL 2T
W T .. Eit, ERSAGTEREREHE MCM-22 4 Fifl 55 OH
/S0, AR KR, BAWERMERENLBROREERER, BEBE—BF
M, fFEBRRIERRAERR, BEBRNRERERDSTRAELE M. 5
AHBEREHASHAE MCM-22 2T R 5 o SUrEa B 8%, OH/SIO;.
PEEXTF 0.1,

&3.8 WA HMAEW
Table 3.8 The effect of amount OH- on the synthesis of MCM-22

Sample OH /8i0; time /d products
E; 0.03 8 Kenyaite
E2 0.03 10 Kenyaite + MCM-22
E3 0.06 6 Kenyaite + MCM-22
E4 0.1 3 MCM-22
E5 0.15 3 ZSM-12+ MCM-22
E6 0.2 2 ZSM-12+ MCM-22

intensity
m
L* ]

-
-y
-
-
-

5 10 15 20 25 30 as 40
20

3.10 E1. E4 ¥ E5 1 XRD A
Fig 3.10 XRD patterns of E1, E4 and E5
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B FRERILE MCM-22 $H ARG &K

2.2.3 iRERIFM

BEHEEZWERERERM b EERWREERN RS KHE, #
MR A ST ST MCM-22 &R, SRR LR MCM-22
HARMAEBIBENRE, EHEBEKZEENT MCM-22 SRS XEE

o B MCM-22 {1 BALIEE— 84 150C, IHEEE MCM-22 (4, HigH
EARgE, B @R MCM-22 M&K, RHHRESSAHTWREREAT 150C
FIRE G HERG. ZRET MCM-22 B— S KABRERN S FIF, 7ES
WP ER— NI, HERHEEEN T &K S TR ZSM-5. ZSM-12 #
Kenyaite, $53l2 ZSM-12 252 RAEF S ML, UETREE N EELH MM,
BEUAR T 150°C 89 R 0IR R 4B R T #5E MCM-22 53 T & i

MCM-22 Z— i hZEEGNTY, BPREFERRE R, B,
S LB A RERIIKRE MCM-22 4 FIRf& MBI I, EHRAMEE. WEL
T, REZEI—ERIE R, (KEELS TR RERE T HE M EEELS
TiEREERRE, BB P BB ARG, i BIREAS Lk a5 i
Biig. Wik, BARBERERIAPEREHK MCM-22. &l & BHuE
ek, fEi@Rithlin ML iEER TR, CIBIEEE. HUBRITRIESRES
{KERTME, AR AEBCR A &RE MCM-22 58 (B ) ki
B, LAY R R SR, BESIRER A VR IR A RE A . B 7S B
F 7 5% B {3 3 SH vk /s ERTABE AR 7)o FEE o TS s P Y S2

R3O RLBREGR, RPERNHBERELZH%: OH /5i0,=0.1,
HMI/Si0,=0.5, H;0/Si0,=45, seed (ITQ-2(P)) =1wt% of SiQ,. FE{BEHTE 50°C
KPABELLE 60min.

LA RRY, RIS BRG KB MM, B 7258 e R R 58 G
HRATLAE R HAER) SiOy/ALO;=100 B MCM-22 $yF9%, (HE L RIERER
& T SiO/ALO;=120 K& RIS LA MCM-22 47, R
mit, EEKEREST.

EABREESSE MCM-22 5 Fiet, SRR, B&RLNRNE TR
anBURBIE R 25 R R AR K, LREAFEM T HAH R KSR, HRN
ELHAFERRURE T TECERELERER: RS FRERBLET
FHREHFHRBESR. XEBRHTERANLLER, B EEwitn mba%
RIS, &R A SR BAR A4 dd Ltk B b EFIRER 3, FR— ik
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% 3.9 REEX-ERKEME
Table 3.9 The effect of temperature on the synthesis of MCM-22

. . relative
Sample  SiOx/AlLO, T/ C time /d products crystallinity

F1 80 150 2 MCM-22 63

F2 80 150 (1d) +135 (3d) 4 MCM-22 81
Kenyaite+

F3 100 150 2 MCM-22

F4 100 150 (1d) +135 (3d 4 MCM-22 65

F5 100 150 (0.5d) +135 (4.5d) 5 MCM-22 74
Kenyaite+

F6 120 150 3 MCM-22
Kenyaite+

F7 120 140 (1d) +130 (4d) 7 MCM-22

EEE. RNZFEMERTSER, FbRGERR, TR B
LIRS, BHIRAMBANIMAREFHE. FRXHARELEHE
FHAEE MCM-22 4 Fifies R R E M R, LRRABRIRLT.

2.2.4 JKEELLAIF0D

KEELL I KA & YRR W, fe R RBIWRE, MTaT{E
IR RPEAYOERLENBE MO RZSRK. AHE OH /SIiO;
IR, KEELCE/D, BIREMK, BIWHEE pH E#-K. pH HEX, ##
BB, #mEMBSTFROER. SHEPWEZMEL, 8¥KE
BB A WA . TR AILBE, ERIETRE, AT KA
A .

KEHEYARMERNTER 310 . RFEHOBERELSE Y.
Si0/ALO;=80. OH /Si0,=0.1, HMI/Si0;=0.5, seed(ITQ-2(P))=1wt% of SiO;.
BRI 50C KA #EALE 60min.

TSR (135C) BRESE (150C), KEEH &R EMMER—
i1, BKEEHC IR Kenyaite Z¢da 4, FEFE KEELLHIPEK, ZSM-12 245
i, RAEERNFEERY, ZSM-12 4 RE RGBT R — A4 5,
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# 3.10 KEEHTA AR
Table 3.10 The effeci of H,0/Si0, ratio on the synthesis of MCM-22

Sample H,0/8i0, T/ C time /d products
Gl 20 135 3 Kenyaite+ZSM-12+ MCM-22
G2 30 135 4 MCM-22
G3 45 135 5 MCM-22
G4 60 135 6 Kenyaite+ MCM-22
G5 30 150 2 Kenyaite+ZSM-12+ MCM-22
G6 45 150 3 MCM-22
G7 60 150 5 Kenyaite+ MCM-22

BEE SILH MK EM S BHAKHS, R MCM-22 BHE. D/KELL
By, B0 pHEK. MEKXEHBEE, FHEMRER, HEEK S8R
ik, HRHER. FILESHR MCM-22 4 Fint, Z0& SR B KRG LR
AUEBERE TR, WRPSRTM, BEMR. BAMA ZSM-12 854 i,

2.2.5 RLKERIZ NS

TR Tl SRS hERENEMYERERMELRED
Bl EREIBPTERURETERENEME. ST THAREIER
N FREHRITHE, 3 EEERRKNIER, REBEHARBIB—MEEL K.
A BTSRRI NE Ostwald $EW), BUI4A N B8AETE I B ot 2+ 5d vk i) F
— A% FERERRSL, E3BBEMBER. BRI a & sk
R—1MREEMHEE. ARHAESE MCM-22 4+ 7R & RIKEAHT
MCM-22 S} FRiB ARG &, RibtpIREE, IMEEPEREXE, BHER
Ripf Rl fE Kb S R4 # A, TEHRRLRB RN ESEE.
REES SN LR BEESIAIN MCM-22.% 3.11 il T Mmiksrins
FEYERKER. K. Si0OyALO;=100. OH /Si0,=0.1, HMI/SiO,=0.5,
seed(ITQ-2(P)=1wt% of SiO2.
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B8 HEEEMCM-22 ) THESR

F3.11 RICEERE RAE W
Table 3.11 The effect of the time on the synthesis of MCM-22

Sample H,0/5i0, tempralure time / d poroducts
2 150 .
H1 30 13 Kenyaite+ZSM-124MCM-22
150 .
H2 30 245 Kenyaite+ZSM-12+MCM-22
H3® 30 150(0.5d)+130 3.5 MCM-22
H4 30 150(1d)+130 4-6 MCM-22
a 150
H5 45 154 ZSM-12+MCM-22
150
H6 45 254 ZSM-12+ MCM-22
H7" 45 150 C1d) +130 3565 MCM-22
HS 45 150 (1d) +130 47 MCM-22

a. by an ultrasonic-assisted aging procedure

M BB AT LA B0 F 458

1. 7 150°C BRFLIH MCM-22, i B R LE AR, B KERBREN
REHEM,

2. REUASRBR LA R S MCM-22, i BT & R 18] BUE B K,
X#3REL. BRARERSA 80%.

3. A REY BAE T RLEE, B4EEREHETL, KA
SR B, KRR RS RS AT R,

WIFATHER ST, MCM-22 4 FiiEERNART —R—M M, REITTH
BrEAIEERGHL MCM-22 BRI, €R-DEV %Ry, EeEn
G AR . TR RIS 1) 4R P B A 1 I 1) PR R 4 2 38 Ay A S PR B
PR . R\ —NHLE, ZEEEBAEHBSRASHEHEHIEELUR
BTERME (BHIRRERS. BEXNERRRAELD , EABNESES
AT MCM-22 43 FIRibh B bf RERBURE AAZ AR E A KB MK, JhBA]
RECEL F 5
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B8 KEESIE MCM-22 4 FIRRE &K

EAEN BRSNS R ERER L RIRE XS ITQ-2(P) fE&FP, #8
WiESH (BEESIEAN FEBHR MCM-22 BI&M, REND
BRI,

E LR ESER AWK, BRI & KeTie S8 L BIRA
T @M ROEERI45E T R B 5.

U R EELE, BHERNIERZOEK.
MBRREBAINE SRATEREAGRL MCM-22 Rk
M, WITERARBTE, bGICHEE R R RLEE .

B AL IMEC LR T RBMERGERE, T EBMER SRR REE

BUR dn AL DLBE Sa 2% R A0t B

5.

HE OH/SIO, A N®E, RAME SO ERT e BYNEIEH
th, B R fGEBAEE FIFFRL, G BRER AT REA DR,
REKEEH, BRREMRIE OH /SiO; AN T, W/ R U,
fElE B AR T k. _

T 2 BRI e 58 S0 51 3o S vk /I BB B A S A R P i p T S

P AKARILEGT, EHIHEERER IR G AR R 7E:

HMY/Si0,=0.3~0.5, OH /Si0;=0.1, H;0/Si0;=30~45, seed(ITQ-2(P))=1w1%
of Si0; (A AEHEIERFFRT, HBRIL & mEM 2%) BEN, RHxHE
KA BILE. BHEEEERNZRIMNETE Si0J/ALO=80~100 #IA
RO A R T 40 ke MCM-22 4 F .

2.3 PHFFEENSE MCM-22 5T

Mg AKBRELHLEL, BIERUREERARRBRMYS, ARASH

TRIKE T A ER S, BHRNTEFENRSUNE YK IERH
R, KESMHIRARENTE S EM, EERAIEH RPN E
17, BETRBREEEIRMERINS. B, &6 MR RE,
AREL, FEBAME. EGREN - BEFARX TRRMMHILL
ARALHZD, RERESGEKR, TTEERBCRTRE. HEKR, ARE,
EERRIAES AR A AR B MCM-22 43 F 0, Tl &AL R IERMIE L E M,
PE R T AL B K e & L4 SR RS L 1) MCM-22 43 F 94,

RENEEHRLEHEEREMRFRE, BEASHFE MCM-22 7t h
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B FEESEE MCM-22 2 T8 1%

EAAEME, XTFESEM AR EHEERAEKMESRME MCM-22
ST R SiO/ALOs= 71~190 BY, BiLF=PHA MCM-22 5 kenyaite ()
BEY, HHEEHSBHANMA, MCM-22 M5 BB/ kenyaite B)5EE
#rin. Corma "M ZE& L SiOyALO;=100 B MCM-22 &K BLFER) & & 1F
T 150C B MF1 AR, H[REHERN 135C B0l &l LA &EN MCM-22,
HERERE 61%. EEHAEE MCM-22 4 FiiM & ok RARiE.

FHABNBKARUEMETEMAEFHESDL MCM-22 4T &
BEHITLERMHHER, FREBESRALNEHY.

2.3.1 REMRULSHIENR

tHF MCM-22 B~ PEKPIER RS FIF, 3SR NFESESE
It . & MCM-22 470, ERahE. BEENNSUEIEE W,
Wik, ATHRILERHVSEARNRSSRMFR X, WEHRGEREND
%, SRR R RAERLE MCM-22 MREHRETEE, WHERERRTE,
B R R BB . R 3.12 RIEBEWFEMAMKMERER, X

MBI L B % A OH /Si0=0.1, H,0/58i0,=30~45, HMI/Si0,=0.5,
seed(ITQ-2(P))=1wt% of Si0,, ¥4iE: 40 ¥/5r. B 3.11 Z#7HMK XRD i
.

KM ERERH, IFRNEGTERR 150C 1 KA ML BHEMCM-22
ST i%, & Kenyaite F1 ZSM-12 #5&FTE. ERMEESLR 135C, L
B SiOYALOs=100. AREHEN. LaER&SHMCM-22 7. TS
ELh 120 e S ZETTHARN B thAE L IR &S S HI4E MCM-22, {EIRTRERE e dd
Kenyaite 1 ZSM-12 4. HRHA 200 W RHEMBENG. BEFEL
B4R, Ff ZSM-12 BA 54 R,

FHTRBILENE RIS S TR —8, JREEHE, RERRE
T 10°C, FEEHY 150 M4 MCM-22 thal & ek, RRESER %, X
FTERMBRT GEBRAILAER, EKTHEMIEE. BRHTREKRBLH
CAISEE RIS

i RE —EHME, BHELL Kenyaite BE, &L ZSM-12 K. B
EHFEF MRS R M HEK, ZSM-12 B E ., Cheng % (M%) Fo30)F £
WA PSR MCM-22 BAT] D HIZH4Y . Mochida! ) 254k 2%, ¥ RIHMI
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B8 Snbtlk MCM-22 5 FIRATE IR

& 3.12 BEX &R ZH
Table 3.12 The effect of the temperature on the synthesis of MCM-22

Sample SiOJALO; T/C  time/d products cr;‘;::ﬂ;’:“y

1 100 150 3.5  Kenyaites ZSM-12 (little) +MCM-22

) 100 150 4 Kenyaite+ ZSM-12+4MCM-22

;3* 100 135 6 MCM-22 %
14 100 135 6.5 MCM-22 o1
I5* 120 135 5 ZSM-12 (litle) +MCM-22 82
16 120 135 6  Kenyaite (litfle) +ZSM-124MCM-22 7
17 120 :fgo((?';’;) 7 MCM-22 80
18* 150 135 8 Kenyaite (little) ZSM-124MCM-22 3
19 150 135 8 Kenyaite (little) ZSM-124MCM-22 67
110 150 :f;’o((:’gj) 10 MCM-22 7
ni’ 200 135 10 Kenyaite+ ZSM-12+MCM-22

112 200 135 10 Kenyaite (little) +ZSM-124MCM-22 60
113° 00 Mo ((43;) 13 Kenyaite (little) +ZSM-124MCM-22 56

a.

by an ultrasonic-assisted aging procedure

1 SiOx-AlOy 1% HMVAI=1:1 MILLBIEME ST, R/ ERHRENE ¥ H 5%
HMVAI RSN 10 TTHILIERG. BT REHEHR A &R R A fek
& MCM-22 7+ F . MRHETHHEBRD, ELBERARSYSEULT

AFiubr, ELE 5.
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W& mEEEH MCM-22 4 T4

' I8
' 16
' Hl ﬂ ” lf - 13
e et
0 B 10 15 20 25 30 35 40

20

Intansity

B8 3.11 #5#& K XRD B
Fig 3.11 XRD patierns of some samples

# & MCM-22 B 4L iR pI54 8 =B H 1 FP: Kenyaite. ZSM-12(MTW) . ZSM-5
(MF1), MOR. ZSM-35 (FER) Fip#!! ¥, RefinERaEmk®s, B
FRIX B SR K R A H PSR MCM-22 —HE#B R BT, TR 7E LA %
PREE T B T RX B 1 TR i, MAERMNEIHT, hade
U — R EEFRETFANEG TRARREAEH AT, TXLFHD
FRHBEAMZHNEHREENNEWBRTAN, E—ERNKREREFTAA
e B TR NBE, T EX)UR R IR e Ik g 4 H B
T (XRHERRENT SRR/ IEHR TR ESN, RARITTERT
AWEE), WMRESAREHRBAEN.

R4h, HMENEHHEELATHNARAYWH, BERFREBHAKEHE.

2.3.2 BIRHHIF N

R RN RS DA SO RBEEREER, BRTRES B
FRENEREREE, SEE T A RIERAY. XEEE &R Beta
AR T RMIARE, MeEMEE R, RS ERNEE 5K
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P AAEESIE MCM-22 4} FIR &0k

BRI RA G AR RITER e &G, RERITHIERN, ZXEHE
sl IR, R BRI B i A @ R E R IE R R .

% 313 BERAMNHEZLHKERGEE, P HMYSIO; LR E
0.2~0.6. HAHERAEKALEL S8 . Si0yALO;=100, OH/Si0,=0.1, H,0/Si0;
=45, seed(ITQ-2(P))=1wt% of Si0;, T=135°C, ¥:ifi: 40 /5.

F 3. 13 BB AN &S EW
Table 3.13 The effect of amount of HMI on the synthesis of MCM-22

un R/Si0, time/d products cr;ziz::r:ily
n 0.3 10 MCM-22 87%

R 0.3 10 MCM-22 83%
J3* 0.3 i1 Kenyaite {litlle) +MCM-22 85%
J4° 0.5 7 MCM-22 100%

I5 0.5 7 MCM-22 92%
J6® 0.6 7 ZSM-12 Qlittle) +MCM-22 100%

J7 0.6 7 ZSM-12 (little) +MCM-22 94%

a, by an ultrasonic-assisted aging procedure

BT, BESRRILE R, W BB EKRIES4 % Kenyaite, BRI
FRBFIOERRERIKT . BIERANFARKSGI, SREEHEN. MK
A UNE T ZSM-12 &4, B2, HEHE MCM-22 898 s # AR
B KRS,

2.3.3 WAEFKRELLA G

KK FEERRESAZBEROKE, JPRIEMRMAKE, HiLe
CNBIE—TE. BEMNEWHAXRETHILLRE, BAsRarkEt
SFRHAGRKEELER, WML KK MENRD, SHreAK, BE
5o 5% e

R 314 AHTERER. SREAKTP: Si0/AL0;=100, HMI/SiO;=45,
seed(ITQ-2(P))=1wt% of Si0;, T=135°C, ¥ 40 /5.

R REY, KEEHLTE 30—60 2. (8] £RAT A& R Bl MCM-22 4 F 9.
BEEKEELLEIR S, KEELL K 60 BIFE M5 BRI — 2, B, BERABTEL
SRR, XAAHSRILENRK, BhAS AT KEEFIwE
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B=F mubat MCM-22 5 T &

* 3.14 WEAKEL ERAOZR
Table 3.14 The effect of OH/Si0, and H,0/Si0, on the synthesis of MCM-22

run OH/Si0, H0/8i0; time/d products relative

crystallinity
KI* 01 30 4 MCM-22 92%
K2 0.1 30 45 MCM-22 86%
K3* 0l 45 7 MCM-22 92%
K4 0.1 4 7 MCM-22 90%
KS* 0.1 60 8 MCM-22 87%
K6 0.1 60 9 MCM-22 85%
K7* 016 45 45 MCM-22 93%
K8 016 45 45 MCM-22 90%

a. by an uftrasonic-assisted aging procedure

(MEMRRE, FHHESRITERE. KRS SR KRET & 45 MK H
—HMHEER.
2.3.4 RILFTEIAIFIG

® 315 /T RUFEIN=HHBMEE. Hd: HMISIO, =45,
OH/Si02=0.1, seed(ITQ-2(P))=1wt% of Si0,, ¥i#: 404/5r. FFBEEGTE
. #BFERK XRD #E WLE 3.12.

KRGREN, FERKHTTE RN FEREHENK, Si0/ALO;=100 #
PER T & R R B 4.5 K, MiREE R E MR B 015 Ui e B AR R el . A
i 7] & R H A Kenyaite F1 ZSM-12 F &R . B &ALE B 9 5E K
ZSM-12 it & B MK & .

GARERBSHERNYW, ERHTERRE MCM-22 5 FRifRRH
B A . SiOyALO;=100~150 , HMISi0,=0.3~0.5 , OH/Si0;=0.1~0.15 ,
H,0/8i0,=30~60, seed=1wt% of SiO;, seed(ITQ-2(P))=1wt% of SiOz. &K H
KM AR R,
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R AR MCM-22 S FRERI G K

& 3.15 AL s A ) B
Table 3.15 The effect of the time on the synthesis of MCM-22

n  Si0,/A1,04 H,0/8i0; temperature time / d products
L 100 30 135 2—55 MCM-22
Kenyaite (little) +
L, 100 30 135 5.5 ZSM-124MCM.22
L, 100 45 135 35—8 MCM-22
Kenyaite (little) +
L 100 4 135 >8 ZSM-12+MCM-22
Ls 120 45 140 (2d)+130 6—8 MCM-22
Le 120 45 140 (2d)+130 >8 ZSM-12+ MCM-22
L, 156 45 140 (2d)+130 8--9.5 MCM-22
Lg 150 45 140 (3d)+130 »9.5 ZSM-12+ MCM-22
_ Kenyaite+
Lo “ 135 T4 ZSM-12+MCM-22
Lip* 200 45 135 9—14 ZSM-12
a. without an ulirasonic-assisted aging procedure
&
[7:]
5 L1Q
= |
‘ L9
I -
LS
L2
d | | L ] ¥ | | v ¥ ]
0 5 10 15 20 25 30 3as 40

[ 3.12 #8544 XRD B
Fig 3.12 XRD patterns of some samples
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Bo® USRI MCM-22 4 THEEH

2.4 KSBERTE

AREREREENRRGTEREMATESRRLE3. 13

RATEE) B R HET & R Si0yALD;=50 I MAH R A T IHALE.
METILIEY, &AMt TARGRATEANE 2m 24 6 R/ &
Mk, Krb@A N hirETENERAR. MBEFEETIHSEHNER, B
R AN RITHERE L5um EHFEHHMK, S8 FEDHERE
B, AIEEA—F, BF SRS FBAER/ 0.5um, ER3IEHE L
G B S TR/

T Si0/ALOs=100 HIF: R, BEKMETEERMAHEGHERILTFR
FE, HRABSEITHRNE 0.7um K78 HK, HEHE 75X HE MCM-22
B E W, BANEA M T G ZSM-12 B4, ChE A BRRERE, X
/INFE 2um KA

FERLE A6 N R RIF G RN E R E.

Si0,/Al03=50, stirring, and ultrasound synthesis
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B8 SEELL MCM-22 S FIRE

ZSM-12

K 3.13 MCM-22 1 ZSM-12 5+ F IS LS
Fig 3.13 SEM photogcravhs of MCM-22 and ZSM-12samples
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FoF R MCM-22 4 THRM &%
F=PH it

1. B&EHTEE MCM-22 5 FIEMETELL . KFEEC IR BITT & p% 2K,
M HAEF . BE 2SR MCM-22 -7 iE W B AEEER. 55
TERS AR, SR 5 70T B AR B MCM-22 (1 A6, 46 7 AL It 1),
PRSI T &

2. @MNSREAR, RCEEAR, RILEESAHPORARTEX: RS
FOMARERERLERY, REHEE, HHREREERE LR,
AR T KN . & B EHR ~1PQ-2(P)>MCM-22 (P) SMCM-22> 7 &

3. BERHTEWAREMCM- 225 FRiARNSEERNERFRENHE. BE
B B KN RAGERE KRR, DIBCTFRRE T M ZEREN MM
B AR, BSAFTAREEMCM-224 FiN %815 “ SHRE187

(HUEREREEK) & RIEN, HRFEREMEPERTER, WKG¥
B @IedE. BREIASREMNTRELE, HEBFRIDRNETE
1o e ok /s RSB TR R P 0 T 18 AR B W Y 7 M 7 ST02/ AL O 3= 10011 K Z 7P B
it & T HREMCM-224r Fifi. A TR, BN,
FERRKH. &SR SER R E I KRB P LR ERBERIEN, %5
mm i i S8,

3. XFEEE MCM-22 7, FIAERKLEG TERR 150CH &R Har
R MCM-22 4 Ff5, (RIB&AFRATERELE MCM-22 4 T & K.
F AR S LEE SiO/ALO=150 Itk R PRI & MM T 450 & i
MCM-22 53 Ffi. shamima] & e MR LAk, 3EERITTRIK
FELLRBEMBREE, SmEBX.

4. FRINTE R AR

BAEMT SiOJALO;=30 i, BEE GG EIMIEKBRENYKESE
et MCM-49, HERELLIR B ABE R K& E A& ZSM-5. Si0y/Al,05=50
Bl B MR LR . /K EE EL PR, o b B A) Y 28 < BYORLRE A 38 K & 42 K
Kenyaite Fl ZSM-5 Z¢&. X T ®kE MCM-22 277§, /KEELLIE K, HBRELL
K. B 5L Kenyaite 245, KEELFRE, BN KS 4K ZSM-12 2+
Bho

A KIET AREE MCM-22 2 T R R R REBHE. B
M. AL, KRS, BRI KAS UL ZSM-12 4. K
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BoF HEEEIE MCM-22 4 FRERI &K

Z 51K kenyaite J% R .
T FEE MCM-22 57 Fiif, BF&SEM Kenyaite F¢dh, &5
ZSM-12 Z%d4.,
5. A RUERE MCM-22 4+ Tt B (AL HE
BAEG T EREE MCM-22 21 (Si0yALO:=80~100) FIEEKIH K.
HM1/5i0,=0.3~0.5, OH~/Si02=0.1, H,0/Si0,=30~45, seed(ITQ-2(P))=1wt% of Si0;
CERCBEME SRS, REUE & & i 5%)
B H T & REE MCM-22 375 (Si0/AL0;=100~150) RIEERR4A
B :  SiOyALO3=100~150 , HMVSi0:=0.3~0.5 , OH/Si0,=0.1~0.15 ,
H,0/Si0,=30~60, sced=1wt% of Si0z, seed(ITQ-2(P))=1wt% of $i0;. (&,
RVERAE, RIS AR 5%), ALY THREARERHLE
antbi%.

6. BIAFZHETERBERNBRIILGERET D, BESEEREAESER .
B EURKESET MCM-22 3 FREITESR, BRI HA R, 8
AR MRS MCM-22 3 FIHIERRE . B E0A Wi S
B, FEEAHREDE.
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SB9% ITQ-2 4 TIHM AR

FMUE ITQ2 4FiHMAR

D SRR — N EEITR T FERIT R Bl B im S R4k AL,
DASHR B KB A AR R P 1) 18 2 R B B o AN 43 v Y I AL A 4L )0 2
AL — KB, WD ZREME. FEEM AR R P, TR Frmd
MEBRYHAYFH, dFYRY>TFHILFPR—. BIEER, AUFEEHRTAES
FRELAPR R B =4 R ALUIBA e kB MLk 4, AT R A R85 7 7l
AL Ao R R E R KR, B, USYRISMREIMAR, EWTiE
HEATHIATREYE . MRS FRDAS FRGBR A RBYT REILED, S KM
B A Codefi, L BE MR B 7E 2 FIF R RLAM RIS IT R B, BRI 21 0 S R oh
REBOXDEEREREEM XS FRIRAREE. MEEHEA S MoRIWEUSY
th BRI, KiESMo. W BLF4FIEsEE, RE RS TR
EA, WKTmE Rt e,

ITQ-2 S FRHEMBRE MCM-22 BYIX{kZRK . PIEHI&R, NFE
MCM-22 TR ELH, EitbLRE S FiRi. HAURERBKX (Sk
>700m?/gl®> 9 176 189 g s, Bk 5— 13177 W), T ITQ-2 4TS Rt
R, HEtEmn Rt X858, R =y b E s 5. m
BEMRER usY AT I hEm S mteE R (BMEM MCM-22
M, EFREELEMCM-22 K=4%) 2%, H41, IMQ-2 474 S BEH 12MR
TFRRIFETR, LHIOMR KEFIE, RNARK 1ITQ-2 Z2 /85w B & ih
Xu AL (FEAD, BRAFEEHILEFRIRFIE. £2RASTHESRE
PR BT AT A MEAS A S MoHIWER FAE#I5 90, ML LI Fhchik
D ORULEDR, XS E AR RN S RA S (Ni/Mo) 5
PEZMLETERBERAZ RILEHESR. b TRNEEEENRTET, B
F—KRFIY 8, Bt RkBRAE, #BILRIAERE, Fak.
e, ZECLAE =R R R 1 4 B A A B R R N PITQ-2 4 I AR
RKHIB AT . MartinezZ "SI R R, 5 MCM-22, MCM-36 #4F
fEALL, 1TQ-2 MEAF RATmBILEHEERS, B~ LA, [k, £R
PR FRE.

ITQ-2 —RAZRITIAE MCM-22(P) FIBENM &MY, FIHAHELER KK

79



MY & ITQ-2 4 FIaT &k

W, BEAHEEATAREZPERLEE MCM-22(P) BIELEIT, REH
BT SBA— N REA . AR TT U -F AR = R b B
ek = PRRIE, BREACRSRE T ARESRERIEL.

% ITQ2 A FHtE%, HAi#REE Coma PIMHEEMM. %Hk
FERHR AT B 4E MCM-22(P) BTH T KBHITAREZPERE (S48 HATE
E105g 9% M+ A iRE =R ERNERE) MUNEAE I, ERNAKHE,
FEathRE T ERMNA. B, BRRIBERE IR B &R HA S0 &% 42
BEAPERWREER K. Cormd®™ ™ g, B L 0.03um EH
MCM-22(P) 2 #HBERHEFE 8—10 4 ITQ-2 AR, Hit&E™4 M ITQ-2
FIS R AR E LR E L R MCM-22 ISbREIE K 8—10 &, ITQ-2 4h %R
i 12MR “CUP"fIARIE X 86%, ITQ-2 #MRMEHI Bronsted M¥ K 4—6 5.
HfF FHEFMAEERRBX 2K, AffER MCM-22(P) RE 2R HHF
BB RERBNET —K (WE4D) HREEMEEE, 2FENAR
RABE LI ERIEEDHIEERIKER, SEmiEEEKKER, H3gik
RIAT A MCM-22(P) MIRIEHABATHR, KB MCM-22(P) #i4& ITQ-2
Mm%

‘j g .I'_[ fl.
E 1y L.l. 'I'

(54288 £ S
SEEEiia s e Ly g .
1}} I'-é;-f'l-l.:-‘: ﬁhg}ﬂdu

e Gripividdi il
HEOHBPENNET il
SR ERRRFRF A L EH R

Bl 4.1 1TQ-2 S PRI AL
Fig4.1 Mesoporous in ITQ-2



H/UE 1TQ-2 4> Tt & i
B TR

1.1 BRATEER MCM-22(P) A5 &

KRB AEEZLE R EDAE & RA ARSI MCM-22(P), HP{K
FEELLE MCM-22(P) RSB SES R, SRR ERARBOEHET. B
NaOH MBI ESRIEMRTRMAK R, REMATAFEERER RS TY, WIIREB
BEE 1h. EUERBEANEZE, WMAATEFETLR (HMD, SREHER
#85), BERESRFHRBIRAES P, # 150C RETRLEHREME. &k
BHRE, BEYEE e, #IE0 MCM-2XP) #EM TR TR, BOHRE
(FKKAT5%), MATEE 70C TFE 12h, B MCM-22(P) BiK.

BAMERE MCM-22(P) BIRERECLE B8N -

(1). SiO¥ALOs=30, OH/Si0,=0.1, HMVSiO,=0.1, H0/Si0;=15, sced
(ITQ-2P)) =1wt% of SiQy, &{LHFIEl: 2.5d.

(2). SiOy/AL0;=50, OH/Si0,=0.1, HMI/SiO,=0.2, H,0/S8i0,=20, seed
(ITQ-2P)) =1wt% of Si02, MALITIE): 3d.

i MCM-22(P) & REAZAR, BIRELLSEY:

Si0,/Al,05=100, OH/Si0;=0.1, HM1/Si0,=0.5, H,0/Si0,=45, seed(ITQ-2(P))
=1wt% of Si0;, fILIFNE]: 7d, T=135C, ¥&% 40rph.

ZALRHE AR E R AE S 0KHz, BEHE SOW,

1.2 BRKRTIR IR ATHI &

B &K MCM-22(P) B THEBEZHE S, H—EE 270
AKBEFEIE LAY SHERAAUNYNKER, E—ENRETER 2
FY e B 75 B2 B JoAR i A T

1.3 BEME

¥ EREIE BT E TRENT, E— SRR THEFRIEE
HIntial, SR/EF 6mol/L HIEMIAZE pH X 2 A4, 8. Bk, SREA
1TQ-2 7+ F .
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BIE 1TQ-2 4 TN &K

1.4 SR ITQ 2 &

WHEERS IM HERREEBILE ML 1/10(g/ml) BMAHHE, £ 80C Tif
T8 2h B, BONEE, EHRXGTHERITER, 2= KREFTH
G, . k. TR, TERATHIEREFARE 500C (FHEERNY 5C/
SENERE 3h BNERER ITQ-2 WA,

=¥ H#R5vhe
2.1 BARAIIR K B4 12 B Bk

MCM-22(P) RT B IR 4EReHE, R—EB UGB RBHHIEIRM
H. BREHBEREVLEDEME L. BREREE. kb I i4ag i1
Pl R REREENYSGAUNER, &TRA—ER EHRFZENK
MEERAAE G TARER LM &R FZREHAELERHER. R—YiEN
JRFZ R e R R ILUr 58, A 480 2 B A A I F R LA 55 B F Bl FE L
B AMARME, BRZE A H & T RS S TS IR AT,
PLEE A, REEMLEHEPHE, UL, B—HETTUERE—TMERD
SEmAF, MERLESYINDTCUE R IX B AR 77 4 58D A i .

HTFEHBERLEHMERER LR, A—25FREFSEAA
LB G E RN ER. CHERIEEWEEAAREERNEY LEE.
BS F A ¥ | i (ion-exchange). A\ X ¥ (intercalation). 8§ i ¥ (exfoliation)FiE
P R ¥ (pillaring)! 1414

Hp 7T HREFERTER TR ERILEY, ST ERARGAHE
RSP —BRRELAEZBIBAFTIEHEF (EERTMA*, TEA'. TPA'HI
TBA®) {fRZMFEMN K. EREERNFEREFLH, BRLEYWLE TR
¥llfs, ERBELSEERNETRTAMMIBENRE. Bit, @dE8EY
RIS HE T, ATLLCB R R AR A 2 ) BB A R s,

2.1.1 EEEMFHEIR

2.1.1.1 {EBM B KR

RKBAFHNEREE—THETFLRUE, ZIAETFERLERELKES
DLk s B B 03 Bk, B KEF ISR TR KR, Bk
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ARERMEREN—-IPEERE.

% 41 B THEEHESEREMNXR. BEARMRLEZHF Corma™)
#K: MCM-22(P) B/ 75 = B R R LE(CTMABr, wt 29%)/IU RS A
L7 (TPAOH, wt 40%)=27/105/33, EH Si0yAl,0,=46.11, T=80C. & 4.2 K
Fdh Al-A4 B XRD %M.

R RTM, B CTMAB: {ER03HEHN, BREEIFER, & 0.5h ZH
FERLIA T 46.7A, T/EREE AW E K ZAEZRSHX, BRELBEESKR, K
R. 14h FERBEAAEEL, BEEEE 535A.

#* 4.1 {EEME SR EEAXR

Table 4.1 Relation between the time of intercalation and interlayer distances of samples

Sample Al A2 A3 A4 A5 Ab A7
t/h 0.5 13 2 6 10 14 16
interlayer distances 3709 37.09 5073 5102 5223 5350 53.50
/A 46.7 4797
A3
A2
| ————"
0 ' 10 ' 20 ' a0 — 40

26

B 42 Al-A4 ¥ XRD B
Fig 4.2 XRD patlterns of A1-A4
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BUYE 1TQ-2 51 FIRIYE IR

M XRD EEaTLLFEW, H#M A1 I A2 £ 20=238° LiEF—H d=
37.00 A fouE BN, BHX BN EER A P2 iR BER B FEEE

KIRKET REBA S BB EREASW, k& WTEAKPRIET tHEL
k-2 ERE, XFELEARTHMEFEMALE. TRERAMEHEER
A ERLEDR S EE R — R, FERERISIAKS FREM(EHNET
B4 B F . tetrabutylammonium TBA®) A 8k {F < #| g% ¥2- W 3¢ F
Si0»/Al,045=46.111 MCM-22(P), LK )M #E R LB KE, ERMEBERF
Z RSB AR, BEIIEFREEN KSR (E MCM-22(P) KEH),
AN ERENEEERETERR), Fitk, HERH CTMA* BERBMERN.
MR FH G ERLEVHER BERIT—&%, REFBERNESS T 5B R
B8, el eSS 5ok R ZRIpER S, k.

FEXT B AR AT S AAMCM-22(P) R 8 Z AR B . TO JC 8 DL TPAOH A 15 12 g
HIEE®R, BHEEH#EAN MCM-22(P) K2 BIIEEH# A — B LIS H IR ST
SRR EAIER, RSN ER, B V8 EF B4 s e HEF
NS CTMA® EEEA S . BE CTMA* BEFRERMN RAEAES Zie)
Xk, §EERRIAEVUEET, BRERZEAN, W 4.3, FEEEREA
BAHRE KN PIEREEHBERBEAFEE. EXMERT, FE—
AE CTMA*® 898RN I 4% B A 0 34 2% B0 67 X R R A\ S SBRUTPAT IX S 2 8] B9
“HMARL”, EEBRALERMAEIET, T—REEHPPOHRI B3 XF K
ARG REL CTMA® EBEEMTNREERED, BASrBKd T
RSN, WEEBKE, RNERES.

s O §OT T } i
; ql Eg : { q A;;‘_-..n.n. i j z
CTHA . i}% E ? B Elﬁ" hl‘iié&ﬁ;&‘i?

4. 2 B &K FIRALARIL Y band, dettdf F
B il g AL R (B T
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HTRAXIANMNRREXFHEREH, EE XRD B EEXAHFHH
&ML, Hd d=37.09 A FESTR N ZE TPA* RIT-BERICTMA® 162
Frs D EIBERIE, d> 46A (IR I B B2 58 £ 1 TT 8l 48R 6 2 T i
K 2RISR g

RIEBEEFHIADATLLTERBER K. TPA* IERKATE 10A™Y,
BT TPA' IRt K, ESUAKEEFHRIRERIEARE, MCM-22(P) HRER
Bk 25 A, IXKE TPA* RUIRERIERK/ME 37 A EGHERIE. CTMA® %
Kb ns AN, mbpEERE 25 A, CTMA* HIERRIER KT 45 A B
) ¥ .

S0, TERES A1 F0 A2 ) XRD Blth, 7 20=7.5—10° Fil 20=20—26°
Z [E e R A AR ATRY MCM-22(P) BUREARAl, H REREK, HEUMHEF—
WHIIRE MCM-22(P) A K. BFEA /DI LSRR — A FIR R,
EH®RE d=37.09A W&, HUPHLH CTMA® B2 ENH.

2.1.1.2 w5k pH {ERM ¥

LRI, HHEM pH EX CTMA' BIFBERNAEBRKENH. X 42 44
THE pH EMERSR. BEARNERSZE. MCM-22(P) Bt/ ki
= AERAILE(CTMABL, wt 29%)H,0=27/105/20, HHF Si0y/AL,0;=46.11, T
=80°C, t=16h. B 44 HXERH XRD #E. HhEed Bl HEM NaOH ¥
WA pH &, HEHNMA TPAOH (wt40%) 87 pH.

M XRD BIRTUAE N, HEEM pH=9 B MCM-22(P) REHEHF %1,
e CTMA* REARRERE. JF®EM pH #% 10 B 11 &, REREE d
=37A EAEMERI, W TPA' BET, HE CTMA* iRHEE. 4 pH
=12 B, HNTF d=50.44A WIEAEKE20=1.75° HH, Fd=37A ELM

F 42 pH EXEZEBAKK N
Table 4.2 The effect of pH on the intercalation swelling

Sample B1 B2 B3 B4 B3 B6
pH 9 10 11 12 13.5 14.5
interlayer 37.56 36.93 50.44 53.497 Garronite

distances /A

BS
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£
2
8

= _‘ l B6

B5

L' B 4

B3

B2

¥ T T T — T ¥
0 10 20 30 49

20

B 4.4 ¥ 4hA XRD i
Fig 4.4 XRD patterns of samples

BTRRAAR, AN pHETEERNELHITHRBMRT . pH=13.5
fgiR . pH EFISKE 145 SR LR GIS BB Na-Py, 7+ 7. Hilt
B4 B CTMABr fEAEEMSIRE pH HHR 125—135.

BfHBEANRBRINE R E T BRI E DR, 23RBS A
K. HEBTHMNMAERSIEBEBRES . T pH EHMX, ERIAH T E K8
&, MiH CTMA® % Br BIHAHE D, lﬁﬁtiﬁ%ﬁ@ﬁ%

2.1.1.3 BEMTME
43 SHTHRENEKGERLSR. BEFRNREESEY: MCM-22(P)

B/ AFEE=Z PR RLHE(CTMABr, wt 29%)/U4 NS F LB (TPAOH, wt
40%)=27/105/33, K Si0/AL0;=46.11.

RPLERERY, BESRKEZEKEESR, 40C HRN-RERBEESE
I, 1 120C B RE—ADRELETE A
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F4.3 BRI WIKFI A
Table .4.3 The effect of temperature on swelling

Sample C1 C2 C3 C4 C5
T/C 40 60 80 100 120

t/h 24 12 6 3 1
interlayer 36.93 47.97 51.02 51.92 50.73

distances / A 45,50

BERUAEWHBALRAFERRS, BElBEALERUGRURERESR
R HRHBRABAMESS T5 R RERZ BIFER LK. AEERK
EPEAERHTRRE, FLERZREEYZEERXH, —ITHENAEE
EAKESHGE, TAEESTRIRATREESRECUEDNBAER RS,
thinki . - FREEEMNDBEXEKERMCM-22(P), FFHRBRABKKIEED
T-CTMA' i3 X\ 2 1] F B 6 BE A8 Kn, X —dRHRENE—EMREER.
BEEREMEA, BRICAYNER R RZHEITIT. BEBENRETEW,
T3PS 8 S P AR

2.1.1. 4 BREFIRERNEMN

WHAEEETEREARR, ERALFARE—REA IS T,
% 4.4 RBIKFIRESH IR T4E £. Si0/AL0s=124.68, ZAKIEE: 80C,
Wia): 16h. B 4.5 EEK=WK XRD EHE.

D1 R Coma®™ MR BRI MER, D2-D6 WM IR TE
CormallJ B A HIELEE EiZ—E W EIW BRI SR . Wi XRD ETLIE
e, B{EEERK FIRIIKEM S Corma ACHMI=492 —HEEG R 2RO =Y.
BB — R4 2 — BB BIRF AR, EREFARKARMN 4=
37 A AHKWEHI, B CTMABr HIRKDT, FRUIEHHKREHET,
WA ZEIK K TPAOH RETT.

B4, ¥ D6 BHMBERE pH EHHE 105, XAKK pH EHREEEE
IF, XAGERLCFAIRE B3 (pH=11) WE&RATE. 7 B2. B3 MHLRY,
REHRKIO pH=11, B8R CTMABr BIMARMR K, WHKTCIMA® F Br 4
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BERRBEFHTHEE, BT CTMA® WE TRBMEE 7, XAREE M 4
I A DL A RFE LR — i .

F4.4 WREAIIRBER RAKAI M

Table 4.4 The effect of the concentration of swelling agent on interlayer distances

Sample MCM-22(PYCTMABI/TPAOH/H,0 interlayer distances / A
p1° 1/5/5.5/16 53.82
D2 1/3.8/4.12116 49.31
D3 1/2.5/2.75116 48.50
D4 1/1.7/1.83/16 47.71
D5 1/0.83/0.92/16 49.59
D6 1/0.5/0.55/16 , 50.44

a. MCM-22(P) £ 60C T8 K, D2-D6 BCLLPCTMAB: i TPAOH it 45> ¥
R’ Dif3/4. 1/2. 1/3. 1/6. 1/10
b. DIMIACH HICormaR) AL H AR )

D6
Z

2 D5
8

& D4

D3

D2

Y T T T v 1) v

0 10 20 30 40
29

4.5 A XRD iE
Fig 4.5 XRD patterns of samples
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MCM-22(P) MiEER I —REITHERYA—H, ERERE. KMk
MamE. BRIULABEREAEUDFENN A RLBRESA/L1a%, H
B U2 AR T LR SRR Ik e E] LA A KSR (GBEIK), LiEEH
TR TR KR = A i35 i i 192 1931%9) ) 7 MCM-22(P) B EIEE R 2.5nm, B
F K8 CTMABr ikt 2IfE KT 2nm, BT KEEKERNEHTBERIKLY
fER, BME CTMABr BIREIR KB AREP=E£BiERIK. CTMABr KKK/
MR REEEW, BREFREX. X AZEPIKX M TR,

TPAOH HIHEBES” SR ERRRKMXE, WR TPAOH WHAEK, B
IR S @ ATk MCM-22(P) ™ EiiE, & IKE PR B L R,
7 B 7 AR KRR R . Fronteral™ @St 36 45 R §oR, RN i TIRIEA
R AREE, SiOyALO% B eh J5 SR E AR Y4071 10078 1 Ik I 111 7H0123.8, WRK IS
HI7=28 9} B 155%F122%, BIRER LA E IS MIREBR (b ke RIEE
At kb 5 MCM-22(P)/CTMABr/TPAOH/H,0 = 1/5.6/2.4/21.5, ¥ pH 1§ H
NaOH #ERZE 12.5). AR R K CTMABr f1 TPAOH BRI (F#
{5 Corma K)1/5), MTHEKXKHEME, BEKEFINHECEE 87%, =&
WIREER L EH BRI 1005 4 98.36, BIEARFHE, XE—MRKHING,

2.1. 1.5 MCM-22(P) BY%E4S EERY 200

MEEAREERR S, 162 BIK6 TR SRR LR R A A B AR,
HRAHEE (4.2 uivnm®) WIKFZEE, RHEB5IHK: BREER 22—10
unit/nm®) BHKBAS, 3t B HE RN T~ EKBRK), §Ksk
MCM-22(P) fIEERRELAF), BRI AMAEERAR, FitimEEKHESE
BHAR. & 45 FINT B E—EBHEHEERKKM RN, BEARNELS
¥: MCM-22(P)/CTMABy/TPAOH/H,0=1/2.5/2.75/16 (Wt%), T=80C,t=4h. i
BkE=4i XRD EELE 4.6.

4.5 RTRFFERL T 62 Bk it e
Table 4.5 The effect of the Si0,/Al;04 ratio of MCM-22(P) on interlayer distances

Sample Si0./Al; O interlayer distances /A
El 46.11 37.09, 4797
E2 69.01 37.89, 5044

E3 124.68 39.06, 52.23
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£
2 E3
[
£
E2
LJ ' L ' L i I L
0 10 20 30 40

20

Bl 4.6 H &# XRD i1
Fig 4.6 XRD patterns of samples

KRG RRY, EEBLLAR & S K B EEREX, £ MCM-22(P)
ARS8 LU S (5] BB B o 53 R 1 AR )20, SR ol e EOBUIR, BRI AR T
HE, BERONBHEEERLAR, BRIMNEF RS B, maEasaKs
15 2 3R T E AT BT 7 B SR AR AR SR A Bt K, XA LR B T REN R (LAY B
HEEK, RIS {5z (0] BB B 5 — (775 (% R K B ) R4S

2.2 BEMNHE

R RN (exfoliation) EBRILEVH—NEERMN, BHEARME)—F
FHRE. BARNMEEFERESHEERAE TS TRTOELTAEL,
HERBESIAKSF, BREMNB—EREER, B5E2ZEMERLSEE
HEHZEREHER, X—dBKRIME. K ERUEYEABR—NEHE
T, |—RBEEN B0 FR PR, BB R .

{HRECTMA'HEAKE MCM-22(P) A& LidiE, EARMEIBHR
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FIRER. REEKE MCM-22(P) MZERIFEILE K, BERZEERIZR
—ERERIFEE R RE—E. BRIKERIRE, FE2&BERTER
2 WIE RS h g T-aHER 1. XEHE B E A BUER T X SR — B
EIERHEFI0 £ BEMM BB SN, EFN. BEHIKN— 1 8REH 1ITQ-2,
Bt B2 2 ) AR RE, RO BNLREh . #HREERETFHEBRMN, B
M IZARMIEERR F T - HE 5 i) P T2 TR A

HEMNE T ERRABA RGOSR, BUF SRR AN
B, WEER. MERE RS E SRR LT TR RPN — 8 75 2 A

ki) MCM-22(P) MEAME X ES MCM-22(P) MEIKIEE, M
pH. RERHEBHEF XK.

B 4.7 REKAESHMEREE.

& Ul trasonic

K 4.7 kMBS AR RER

Fig 4.7 Schematic diagrams for swelling and delamination by intercalation of

2.2.1 B%& pH ER M

B SCER_ KR MCM-22(P) M3 BH pH #% 12.5.Corma!™ %A
% pH (HFIEIEMEHREE, pH EABRE /BN SE MCM-41 5 THi. K
(i pH EXHEEFELER ITQ-2 MHARKKEW. R 4.7 REW pH EHH
PR,

FIBE&M: T=50, t=1h, BHEFHEN 40KHz, BENE 50W. E48L
PRI XRD 18, HImERKEHARILR Comal™l,

4|
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*4.8 HilipHIE X 3 A
Table 4.8 The effect of pH on exfoliation

Sample Si02/A1L O3 pH products
F1 30 11 ITQ-2
F2 30 125 ITQ-2
F3 30 13.5 ITQ-24MCM-41
F4 100 11 ITQ-2
F5 100 12.5 ITQ-2+MCM-41
Fé6 100 13.5 ITQ-2+4MCM-41

S

Fa
0 T I v ]
0 10 20 30 4C
28

B 4.8 HIHMA XRD EH
Fig 4.8 XRD patterns of patisamples

% FARRESE LA MCM-22(P), pH=13.5 BIf] XRD %@, 7 20=2.44°
I —AREIFTHIE, 7 2—5° ZRABHIIEE, KBRS MCM-41 BIF
AT 8120220 B MCM-41 2ER. TIxtFaakE MCM-22(P), 7€ pH=12.5
FAE MCM-41 4K, BRI &EE MCM-22(P) 7593 i 1t % P I ok 5
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%, FkEFEM MCM-41,

MEREANRIEE —E ZREAFIN&ESRIF, ©EXEENEDHE
., EARAEM MCM-41 MRE. Ti4EK MCM-41 2R THEED A FEBREE™
AR RN R = P AR (CTMABY, FERRE A R EHE T MCM-41 )
AR REEXATHT, BAVKIECALT AR T RS T SIS T 3R % 57 %
R, O TEEZIEIEEBEN pH BERRDT 11, ZFERARE MCM-41 =
A, MEBLR AR, & pH HEPEH, FRMABEREGHIIRE5HESDROT,
XEMTREE pH B/, BRBMNABFBIE H 458, 8PhTERE
FIRTEFE, BETERM CTMA* MEHRER. XAEIENHEZFFHR,
pH KHHEZAMHANE pH HENAEITEES, RKEESHE. @. A
2.1.1.4 HHIFE:, £ TPAOH HIBMAERM 15, —HEHBRNHEREET
F, HATBEREKBFREE, BRETEERAN CTMA® mfFREMR. 5—5E
HFRERE FHEREHRE XBEEFHERIREN MCM-41, XE—
FhE R .

2.2.2 KB EMBER BTN

LRRIM, UM CTMABr #l TPAOH i EWAKE &4 BT K 2
PE, —FiR d=37A WERE, B—HAEN=4SANERE. BRIE d=37A
R TPA' GRS R, MBRFE d=45A & CTMA' BEMER. YR MR 37
A W, LB RIS GEREIEES S0 BT, iR RRE X
A MCM-22. XEZIHT TPA* IR ZAFERSI K, BFEHRHAEEEIT.
M CTMA* #EEG, HFeiFa — M ERENKKMER, FnlZEREXt
Bk, FWREEER SRS, #AETLUE RS TR .

2.2, 3 ERbxBENEARIG

LR R, BELBAHHETHRES. RARBLHEE, ERANGETFR
/b, BREMBHERRSD, BEEBEFRKERN, #as51 s FREE
FAABEEA, HERBAS. Martinez A PSR LI0 R, HEOHRIKHE
HITERE L, SIOYALOs =50 HIFEE LA 2RI, W SiOy/ALOg=30 i
BAHEGRIEL.
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2.2.4 WFERE . BAEMRENR RN

HBAENESHBAEERRIL, HEEXEHEFTERN B SE, BHEAX
BB AT, BREAEAESLEM MCM-41. Frontera®™ & ¥4 120w,
35kHz & TFHEEHE, M Dumitriv®EE SOW. 40kHz. 25C £{FTHA
36h A PEIFEIE R ATk, P EIRE =B AR 2 8 s A&,
HWRMMERK, EREMBTHRMS, EHEEINEK. BIONEBEEK
& CTMABr fil TPAOH KJERIEFBE TR, - TH KIgfEpe(c, RibiqER
MR ABIREE TR E AR ER &, BHIBER ITQ2 #F
IF.(LE 4978 4.9, G5-G9  CTMABr Hl TPAOH BN G1-G4 #11/5,
K, Si0/A1L,0;=69.01).

#4.8 ESEE). EAETHRABEANER

Table 4.8 The effect of the time, power and femperature on products

Sample MCM-22(P)y/CTMABI/ T/ C time / h W/w products
TPAOH/H,O

Gl 1/5/5.5/16 75 1 50 ITQ-24+4MCM-41
G2 1/5/5.5/16 50 1 50 ITQ-2
G3 1/5/5.5/16 56 1 25 ITQ-24MCM-22
G4 1/5/5.5/16 50 0.5 50 ITQ-2+MCM-22
G5 1/1/1.1/16 75 0.5 50 ITQ-2
Gé6 1/1/1.1/16 50 0.5 50 ITQ-2
G7 1/1/1.1/16 50 0.5 25 ITQ-2+MCM-22
G8 1/1/1.1/16 25 0.5 50 ITQ-2

G9 1/1/1.1/16 25 0.5 25 ITQ-2+4MCM-22
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=

G7

N N

G1

Intensity

T T T T r Y T
0 10 20 30 40

26

B 4.9 &5 XRD i#1E
Fig 4.9 XRD patterns of G1,G3 ,G5,G7 and G9

M XRD #EETLLESY, ¥ CTMABr 1 TPAOH HIEM TS, 0.5h Bia]
FIBIF, M HAE 75C WALEK MCM-41. HhHERFEKE] 25W HBEERI~Y
B ITQ-2 EF MCM-22 (AEH G7), MHEARTRERKD 25°C (iR
BEFIBTT, (RS G8), WHARKYE LR EEEER K.

F& G3.64.G7 M G9 [ XRD EBIART 11Q-2, B AFT MCM-22,
CHERE N THAPE, EERERNS TRHAREY.

2.2.5 BEAMERYFIA

XTZRR I MCM-22(P) M HB EEEif TRAE. MLEEKENERE
B [ Pk B v A PR T R AR VR P MR /DY 1TQ-2 ik, B2 pH=2.2 & SiO;
g s, SiEEHE. BOERRELRN ITQ-2 5 FRBRIR D,
A HERE, TURHHESOHNIMNESE. BERAEBEKEE pH XT 6
RIGEEENE ITQ-2 4T,

GZOLZEAPEENRN, BEEKNEERLAORNEMS A
MCM-zz(P)/CTMABr/I‘PAOH/Hmz1/2.5/2.75/16, T=80C, t=4h.
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2.3 HmRIE
2.3.1 XRD 44

JURh LR S F IR XRD EE LA 4.10, MCM-22(P) ) XRD W55 %
fb, i ES, BXH MCM-22(p) EMEHMARK, &E85H, BRTR
BK, I XRD fistEIRE AL . Kbe/EAEME MCM-22 B EEATH M
£ & (6-10°F1 25-30°) HWH KA. HPILBRHBHRULERH D, — M2 20
A 6.6° MR, H—RTE 20 =12-25° WHENMIIH L REERS. 2
B, aasT, HP 12-15° W B g e X R E M B, MCM-22(P)

intensity

o T e

\Jk M/\J\ J\_/’\J\,,\MCM'ZZ(P)
; e y A — '
i0 20 30

20

40

Kl 4.10 MCM-22(P)RIVE T E98 XRD &
Fig 4.10 X-ray diffraction patterns of the MCM-22(P) and its derivatives

R—ANZHBREH, BREEXRER Si-OH BERILR= MLt . Rt
tH T BEERNE R c @B%d 2688 W 2524, BIRAS 4=1.4270m
FERZGRHRERL, BHEETRERIAKMRKBSELBRALZLREE
1k, MERAR c B/ ZEERIEERE D T . X 2K MCM-22(P)(H ITQ-2(P)
R, & XRD B EH —MEBRAKARK M, XHEHRZBEKT 4.50m, #EH
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ITQ-XP) REERREH . MEAEKERREBIGHER TN, X%
MCM-22(P) BRkA 1ITQ-2(P) BREEEMFEM MK KEBHERFE/ANT . BREH
ITQ-2 FFEIEME 20=3—7" WRANKAFHIAKEK MWW BI45-FiFR [001)
A1 [002] ¥8, #EH ITQ2 AEA MWW H4THRMBEREH. EEAKK
ITQ-2 MMM 1TQ-2(P) —HF3IEH Tik, KW ITQ-2 MISENR TR, 7 ¢
WA HEBRAR. KAEREENSMHEENTSHETEAMENREN

2.3.2 450

TELs it (A 4.11), 3742 cm’' SR RS REFHERE
Si-OH MRS, 3620 cm™! XL R Bronsted acidic HI#F#24 Si-OH-Al fi
FEIRHE (BB T 10 THILE BAHFRE) . 3720—3730cm ™! #)
WATHREE Si-OH, 3581cm™" AT /> BTN A Si-OH-Al &3
e, 3666cm ' Ak RIS 324 B0 60 BT MR B B R 48 R e U0, st
MCM-22 HI4040%i%, ik Si-OH-Al RENELLAMRIER Si-OH KR3)ESE,

3742 3820

l 3668
‘ 3581
- ITQ -2
3720- 3730

Absorbance

MCM-22

3800.3730'36B0'35b0'3450'33b0.3200
W avenumbers{cm ')
B 4.11 MCM-22 #I ITQ-2 ¥ B4 SR BN G 1%

Fig 4.11 IR spectra in the O-H strethching regions
of MCM-22 and ITQ-2
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EITQ-2 MLsM g R, ShRIEH Si-OH HRahei] B &, MidFissiu
HAEMT . IRHT MCM-22(P) RIEH ITQ-2 GRS KR Si-OH
MEBEBME. X8 ITQ-2 SMEiEH Si-OH Rz RA KM, HIRER
XA R RIREAE AR (SI0YALO=30) #MB AT A, H RG4S H ik & i,
T4 2 B AR A5 R B S i R X, I R EE A S ) ITQ-2 4 T
HELKKEKE X,

2.3.3 N, B RAE
F 48 BT N, BISRBLEINFERHOLLERD. FLERFEHILE.

#4.8 HIIRMER

Table 4.8 Composition of gel and the textural properties of samples

S I SO fA] O Slolal sexl Smicml Vmicm Vmcso
ample 1 <
P PO g fm*lg  imYg  fem’g!'  jemg!

mcm-22 30 438.1  240.8 197.1
iTQ-2 30 669.1  529.4 139.7 0.06437 0.5218
1TQ-2 50 743.3  660.7 82.6 0.03439 1.0789
1TQ-2 100 848.8 867.4 -18.6  -0.01977 0.9964

ITQ-2 MHEHERL MCM-22 X%, LR RIRIBLL hiHibel, s
HEERHRE, LERmREX, HHERtaE, BERNIEANKRAES L&,
HHEBEME. wEHEHN ITQ-2 T ASRES i, HIMEHY
MR IZR K. ITQ-2 MILARIRAD, AFLERIERX, XEHT ITQ-2 4F
AR, TREM. BHERE—&, XEMNZBEERFELNIL.
XAATEAA 1TQ-2 MFLE S h il fl N, RMHFELES (LB 412 A
4.13). 1TQ-2 HIFLIRS fi th e FH R WAL MK, XA Cormal™ 45
MR, 1 MCM-22 RE—MEFLILR. 1ITQ2 I N, BINEBRLE P/P=04
B AT OR P — AN, IXRTFENTLAFREE, #8 ITQ-2 FAEMNL. BANE
EATLLEH, 1ITQ-2 M BARFIREMLL MCM-22 X#%.,
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Fig 4.12 Pore size distribution plots for MCM-22 and ITQ-2
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2.3.4 FaR45E
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Fig 4.11 SEM photographs of ITQ-2 samples
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BT ITQ-2 5 THREIBIK

MERBHEN, 1TQ-2 AR um HI# T TR MR E— RN 2—
15um EAKPIEBNER, ITQ-2 HAFRTEM, m2EZ MR,

B=Y i

1. N THEEEK

a)

b)
<)

d)

CTMABr R H 7% TPAOH HF 7 £ 1 F A fe L W 3 &E R A ¥ &
MCM-22(P) 3G 20k, #MMMEH CTMABr AREMITIERE RN,

£ TPAOH TFEL&MT, HEMKERRIR, 0BT K

% CTMAB ot Z EL KB, K pH=124 BTk MCM-22(P)
MIERIKIT, B8 AXRREHR™E, FRUEEK. SRR K CTMAB:
M TPAOH Wi, 7 pH=11 AIa #1742 RMN, W HHFRAE XX
BR(%, BEAKSHE 200 MR KEER S, PRI EERREEE,
HEBLLE K, BEREMERELD, SRERE/)N, BESHEERK.

2. MFYEARE

a) HEWKNEREEKXT 3.7nm A AL HERERHRE.

b) EEEELLEK, BEHMERES.

¢) EFLHEE, WKE pH EAREL 125, FRISER MCM41
LTI

d) BEREL]—ARERPREGRFEFR TR/ ITQ-2
Wik, BAGesr B ETiE AR K .

3. &M ITQ2 A FIHAHMBRKHILLRER, WEK SvSe. IHHTLHRRTEM

ArILsr .

4, HEWK Y B HERE RN %MHR: MCM-22(P)/CTMABI/TPAOH/H0 =
1/2.5/2.75/16, T=80C, t=4h.

101



BHE MCM-36 4 FIi) K

HHEE MCM-36 S4TSR

WA TRAR ML THE M S MHELTE, aEeRh. EHERE. I
ARNEErZHA. BE, dTHAESFHROMLEH (FL12% 0.3-1.00m),
HEEEBE U FTHALBRAL. X TFiEmEH. BheOMERL. Xa
FYIRAEH 5B RRN ., KRR E &SR E, %23 T AR e,
WAL FRICAREMHERARMETIIME K. AL TFiEREW T AT
wILRRRE, BR, SHMILBEHE, HTASEHNEEREEESHT
AL FIRBEM R, KBIBEH, RBEFEERE FEEKHLBRET
AL A Rl . X0 IR B B M BRI T & AT 4E A0 L D e 48 AL B 5 o f i
. REEIAALFmSENE T —EMMR, gL AL
ML LD T, BRENMELENE. BEESSHILS TR
REERKER.

B, &45MILbA D FImERMRE. SAKRBREESA LS TR AL
K. KILEMTH & BA KM & ARERYERH B A B R T KR T
EEMAME L. T MCM-36 3R H & BRHERM S 7. ER—MEIEHIL
NENM R EAE RSN D T LPHALTER, d=4F% 10 TH
FLEAM T EmK 12 LR A K. AT 2, B2 R TTHE LK
BB TE R A8 102 1951 Bk MCM-36 BR AL Tt B, T2,
A T 2 BB FLAE IR AL K F R AR T EEE, 55, Hi
RAFEFEK. BHED RS FHELRNE MCM-36 XEERA Z RN
.

MCM-365F i & BAEGMIMS FI%, BHEME & RITE— B 5 b H B
BAH, (ARG, RS RHIB & T B B R, HiEEALRE BRI
EVELE TR BERE LI RAHEFIIARRG, A8 LA BRENS
P A HIBREN S REAYE IO EER M. XM EER T E )
FEREME TR PSR, BRI LR RS, —REHTE
WM R, LEEHERATIEAE T RE %D B HE 7 e Bk
. BHEBRABEARTHEBRANEHPBETEBRALIESYWEFZ A,
ER—MESSHERFFHRN AR (R FILERK) BARE, R
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BHE MCM-35 3 THBER

BATHEABSTETASIANBETRBRE k. BRANZEBLERTHIFER
BE, TEHEMATNESE TREETREAMETRERNERLEY. ER
PRSI HNEREMWHERN . 8% ERBTTHRERSEREL
I ERIEE T, REE IR GTRAaE YRR (AMPS) TR HESRH BLR
FIER . i ERGAREESIR, BRTHREAY. BREEIAIER
EHMEEIEER, FHTREABA. BREATY, BIREMREHEY
EOEHERLEY. BRERMNAET, B FHEBRA RN, e
BIEAR, MTIRTTLE RN, MCM-36 4T sk X Fh k& m.

s F 8 LA F AR R ERLE AL AL AR 2R Y MCM-22(P) #1774
¥, Hil MCM-36 B8HBE—1 KiK. BTES Sio, AEHKETH, EHER
S ALYt s e LB LR A Y(ALOs, MgO-ALO;, BaO-AlLO:,
ALO+-Si0;, MgO-ALOs-Si0; M1 BaO-ALOs-SiO; %) ">IFRET 4 T4
R FE AR AR MCM-36. AR &BHEIELY AR H BRI,
#HEBRRINTLOIKA; ©.008 B Fh IR M RRE S HE SO M IT0 % M HELL R
@B ERE AT RRT RS EREE: ORBRMEIER.
Kornatowski 21" g4 K, LUXBENEAYERFH MCM-36 K
BEiFEE 0.56—2.5nm 26, N» #) Ar SEBHERILRf 94 KAE 2.1—
3.8nm 2, AILEIKA. HHIVRFAETFRIRAD. 4. Kornatowski Xt
MCM-36 (W BH1E BB T T PR R, A0 ER I 54 F A AL L R TR
BorFiA . Bt BTEHEX, HAATTPRERTSHERAZEY WK
AR, HARKSIARSBEXRNNMLER. 82, BENSHERALYE
—E RS EEL IR —FERMET TR, © BAENMLPREGEHEE
# OFRMATREBER @ BABRGTERS FHMMILLAF KRR
PRI A .

%£F MCM-36 H 7RSS RTFHSH (B0), BE. PR, HAWIFL T
BFEBRNEE, B ERE.

Bl 5.1 £ MCM-36 &Rt i .

£ MCM-36 - FImi& ik, B MR ie O # 2 M IF FERS ZRR1E ATk
#l, EFTFREEZEEARAREUTERS: O FRERZBATERA, ERHK
F2 AR oL KR o TR B R R I AR E SRR E T O IR E RS S
B, FEmEiEiER R aRg R, FIvENEELER. @ TIERERLME
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BAHE MCM-36 5 FIA ik
WK, BEAFKERPEITRN, b S PR AR 6T 4 S5 i A7
AR, RIGE N, RPF THITHRERN. @. 11T EERE LERAERE RIS
AR, AHERRNEERRABE (90C) TEEHRE—KESL. QFHER
MG BE—ERET KB/ PIEFERERTEHR Si0, KEE. i BE&8H
MCM-36 FIZE BE B —. Kresge 20071704 F BL 42 U ¥ AL 40 Rk MR &L 41 0 4

CORMA ET Al

= T 1;'.:_.-'
.§|§I§|@| . b ._.Ff:-l—
DQe 0000 g
1 [ i I Fiﬁ: - . ‘
k i

SWOUH L RR S K22

B 5.1 MCM-36 & it BRI
Fig 5.1 Schematic diagrams for the synthesis of MCM-36

WAL BRESKERPRITER RN, BRISEFEERAHED Mk
20h.

#il#% MCM-36 BB RIEH G EMEAFIR WAL ARE, H5 %
ABHANEE FHIT ARG BRI 2R . 430K R PR AR M ik 1R 04t
e, FIRE AR R ERE . 18 F & B R B MCM-36 5 F1%.

g2—1¥ LB

1.1 BRATIEE MCM-22(P) %1%
BERK g0 2K 1& MCM-22(P) 5% 4 #ER ITQ-2 &%
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BRE MCM-36 4 TRMIERK

1.2 B e &
# 25% (W) VIR EHEEILE (TMAOH) R LY ZrEBIZE/RIL

TMA:Si0,=0.5 fItF¥ARNESD, REMA H0 F Si0, TEHEHEPH R
BASES 10%. F130C TRM 10h FIRVIPEERERE.

1.3 BATIRIREH{L

ikt CATFRER 2.8 AL

BAEG S, HIFEEMZEER SR T T ROERITRAZRER 51 ik
BRI, & Ny P FF 90°C ELMERMN 25h, AELE, ZRTE. B
FiB A= MRKIEAER 1710 MILEIRE, E140C FXM 6h, BREH
IM HNO; iR pH=19. 33§, FET®R, BEEENE MCM-365Ti.

RGBT & N AT 2C/aMEEAE 450C K 3h, RFLU2
CIHHEETLE 550C BRiKE 6h.

Fiik 2 LAV B RO A 1 A AL 7

5 R & Y VT B3 B G ORI S R TR O B K R K AR MCM-22(P)
HREWL 10:1 MILFIRE, BB ETESMD, E—ENNE TEFE
Y5 5E e fa), i 38 05 A 0.1M ) HCI BB IR, 8, BEUR . S5 42 B8 MCM-36,

1.4 H-MCM-36 R3%$I &

BREERH MCM-36 5 1M TSR BB RIR B EE=1:10(g/ml) R HEH
W, £ 80C FTHTFXH sh, BLAER, EHRAEMNTEERTZKETE
g, ik, k. FiE. FRATHEREFAHRE 500C JHREFR R 5C/
emyigde sh M1 F H-MCM-36.

#$-F SRSt

2.1 SRFFEHE N
HW Tl B2 4 RE AR RR L& MCM-36. FTfB4RLER
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WHE MCM-36 5FFIETN&IK
5.1. B 52 LFESE XRD ER. 52 SR T=50C, 1=3h, 48
4% H40KHz, HBAIHEIOW.

# 5.1 EALHRES
Table 5.1 The effect of the pilling agents on the synthesis

Sample (niié)ﬁlglzz??)) pilling agents BBV
Al 69.01 TEOS 4.24-5.22
A2 69.01 TMA-Si a7
A3 124,68 TEOS 3.36-5.51
A4 124.68 TMA-Si 5.07

MHE 51 ATLLEH, RIFHER LS B MCM-36 f{IK f B 40 B A%
R, XHEHEERN MCM-36 #1ZEER Ml (ME 5.1 KAl
FAA3). T A VYRR B R AR REAL ), FUREB B EUBER &2 & li
MCM-36, ZEfKAEMEESRE QBN ER SR, R, XERR1E LR b 60§y &
W, BHEBZTEEHE MCM-36 4 Tiif 2RI ER—.

BAFMBEAZBRE DY HIE. FHEEZHSREEY, BELEY
R84 THGRAEANBRESTHEG. FEMLEMFRERLK, B42
BEARKAMGOME, By HoEERe, mRENRIASKBLERNER -
WIEGRIE, REBHET MR —HERS BHCTMAYKE . S4B A—K,
i Em & B R E AR L REHCRE, b1 8 — P ERIBEAK—#) MCM-36 43T
8

Y B B ERE LR, EEAERTIChEREXABHRER. XR
T EEAHTLRREER. B, Pk, MRS BUM SN 5 i 1k 5
PLEGREE SR AGE R, IRAEIE A BE TS, S R B HE B
B, RESETHAFGEELBRANE. A dFBASBEREE R0 6
AT R L R (B — 2 (8] & X S Tk B IR BRIE B8 4, BRLEETR B MCM-36
SFFRmBZERIBEEY-—, EARRMELRANRE—IRENE (LB 56).
H5h, TRV PR AR, HERNUEEESKERS
HEIT, AT BN IS CIF AT Tkt B, i,
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HHE MCM-36 4 THNEAXK

a b
A4
3 A3
2 A2
At L A1
' ) 10 )

Intensity

v L) T |}
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28 290

C
A4
&
i A3
A2
A1
¥ T d T d T T
¢ L] 20 30 40
20

B 5.2 F A8 XRD Fif. 2 FERAOIEAERE; b: XRD #; c: b TRAEK 10 (514
Fig 5.2 powder X-ray diffraction patterns of samples. a: low angle peak of b; b: XRD
peak; ¢: 10-fold magnification of intensity

2.2 B4 AR PR (AL 35 R R

LRI BER M T — M, IntRAEAL TG N BRI R . B[R
FEAERIRRERAR. R 52 RBFHAEXTERERWER. B 53 &6
AR XRD i#E.
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BLUE MCM-36 4 TimH 8K

%52 Composition of MCM-22 (P) MIARtEN & KM K
Table 5.2 The efiect of composition of MCM-22 (P) and ultrasonic time in intercalation

process on the synthesis

. Ultrasound inteslayer distances
Sample Si0y/ALLO; time / b I nm
B1 46.11 3 433
B2 69.01 3 4.53
B3 124.68 0.5 373
B4 124.68 1 428
BS 124.68 3 477
B6 124.68 5 4.85
2 Bé
c
2 B5
£
B4
B3
B2
bt e
B1
] 1 L e ] -
0 10 20 30 40

B 5.3 #EMAI XRD B
Fig 5.3 XRD patterns of samples
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BHE MCM-36 # THNHEHK

MCM-36 2 T ZEFERCR T AL R MCM-22(P) R gk B
BiJE L. DTSR, WK 52 (Bl, B2 f1B5) FH, EARIME
REMFT, MERBLARB=HOEEESREXR. FLESHH,
MCM-22(P)RERLC A R R B3 5 IR E AR . AR, EREMNBET
HE, EREAMBRTERZREX, BRGHFHHEX, METEHERBOH
BT 7% i) 2 (B BEAR TR A th A K, AR THAZRIFEABK, #EHRK
MW, BEGEKTDNZEERS S, AEALHEIK MCM-36 B
FERRAR N . BRI B IRIBERE K, FEL 13 B MCM-36 92 RIBEZUK,
BUIEASERRAMER YK, SHFELER, NRs2 KT, E-EAR
AIHEK, BREZENHYEK. 3h SERBEATREERL. TREHTEBZA™
i o A PN ER AR AL TR 45 FOd o, SR RIBE BTN B 8], BEE R
BIZEKHFA SRS, FLZRESK, DEE=IE, BEE
WHIB KR CEHRAE, RUHEFREEATFEL. EBE=APHEEEER
ELm AR, XENTHEFLZENRBHER. &KL 8 IMaE
BLbBNHFIES M, BIEIREE _SENREEEX, RER
REBE 2K o

2.3 HALFHERAI N
B & DU TEEREM AL R B A LA RIS, i, WZEIRIE.
WREAF AN THARNE, BEMESANNFEAFILELT. K53

BT A LR & R WA R .
%53 WaEANENSRAEH

Table 5.3 The effect of quaternary ammonium hydroxide on the synthesis

. Ultrasound interlayer distances
Sample Si0,/ALL, O, time / b / nm
C1 124.68 3 394
C2 124.68 3 4.22
C3 124.68 3 441

C4 124.68 3 4.77
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WHE MCM-36 7 TR &

P REAS M ARET, BANFESEENMERE, Rl
PRGN GRS, RICEABRRRE S, BREAK. OTHRAAL
%BEINERIERE 3.940m, BESAMNT EEFREGHEX, #ARHR
Wk, 3h XTI PEEHEREERKEDLHEIRK, BREY FNTHEKER
HARE[IERX, ERREEERD. 5 TMASIO, KARERT 1, HME
IR A R K £ 3 AT AL AR RE T W= 2 . TMASIO, BN 0.5, Kb
PR EER & P AR B R BRAT E.

2. 4 BRALTRHIE AR

HALFIBEA BRI B EELS i — MR, BEETUA 0.1molVL #i:
MEaUTHEG . RRALEE =B EHEA BRI R LA EK R SRS Si0; HEF,
LK, TMA-Si 7 pH<8 WESPYUERE. WRAHBIGAH SHEER, WT
RSB 2 2RI BE 208/ o
2.5 ML RTIE
2.5.1 XRD F&IE

JLF AR XRD ZEALE 5.4,

4

intensity

MCM-36
ITQ-2
ITQ-2(P)

K’L )\AJLJL N MCM-22(P)
0 L T v T T 3 L}
0 10 20 30 40
20

Bl 5.4 MCM-22(P)RIEMIfT/EYIK XRD B
Fig 5.4 X-ray diffraction patterns of the MCM-22(P) and its
derivatives
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PHE MCM-36 4 T &/

F MCM-36 4 Fi%, H XRD #741i4f MCM-22, ITQ-2 tAR., 7 20
=2° KRB -AMERRBOEAEE, HH MCM-36(P) B—MEESHINS
T, fEEAERER ITQ2 & 1ITQ-2(P) £AHF. MCM-36 . MCM-22 i
ITQ-2 MEM MCM-22 (P) fTEHkKM, EMNEGTHRANARZEH, AR
B il iR, 1TQ-2 REEEH, MCM-36 £ cHijimBIERIFESA,
BRI & R AR ME H MCM-22(P) 55, Enkik, KEHFHEER,

2.6.2 TEM 447
Bl 554 THMS BS NEAHZESEERN. LB hko HK TEM B,

B LU Y % b S HEBBG /N TLRE S 12 FEFRTLOC. T RIS hol 75 1611 TEM ),
G LIE &AM MCM-36 AR BIFNEREH. ATETHERTESY, BN
RERRMIBILE, ZR%ERZXHMILK, BEEEXLAY 4.7m, 1 XRD
BEBIFERDE
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HE®E MCM-36 #TiERIEMH

#ss5 #&s5 M TEM BT
Fig 5.5 The TEM micrographs of layer structure of sample 5

2.6.3 a5Mkil

B 5.6 & MCM-22, ITQ-2 Hl MCM-36 BIRERNG L MRS ik,
EFREREIKX ITQ2 Ml MCM-36 SMRIEFIMER R MR, XK

a
g _J MCM-36 §
2 3
< J ImQ-2 <
MCM-22
L S AL A L I A AL I S
3800 3700 3600 3500 3400 3300 3200 1800 1800 1400 1200 1000 800 800 400
Wavenumbers{cm'} Wavenumbers{cm”)

5.6 MCM-22. ITQ-2 Fi MCM-36 R B41 SHRFHFIF 3R N ik
Fig 5.6 IR spectra in the hydroxyl (a) and framework regions (b) of the
MCM-22 , ITQ-2 and MCM-36



BHE MCM-36 7 TRTI4H

F MCM-22(P) LitHERME R 1ITQ-2 BRI MCM-36, HAMR A 2B
K, BREENRAMBEREIRNE, RREREUAILERNRERAE
Si-OH (IR RE S BI3&. TSN 3620 cm™ ' ZEHIHFIZRE Si-OH-Al {4451
R, HHR MCM-36 MRREE.,

EHRERHIR, K=+ FREMNAK, T MCM-22 57, 7HE
51dcm™" F0 674cm™' LbHFH ARSI, W ITQ-2 A MCM-36 BRF.

2.3.3 N, WBHRAE

R 54 BUTARALGTERESMEMMER. MNEPEIETLLEY, &
&K MCM-36 MBAF R KHILLRITE, F5RSPREM ITQ-2 —HR K, S/S
a=3~—13, XEGMMABUBERN DFE S DRIBSME S FREER S
5MS A IER. BEERHRIL Y % e8I A E K RIS, MCM-36
BN FLARREEEER, R N, WK 0 P IR ENILIEHEA .

#54 MCM-22 (P) MK, BASHREMN P REERRZHTE R
Table 5.4 Composition of MCM-22 (P) , ultrasonic time in intercalation process and
the textural properties of samples

. Uhltrasound d Siatat Sen V micro Vimeso &
Sample  Si0/ALOy  “ircn [ s imbg  fmlg  femg  [cm'g /am
1 46.11 3 4,33 651 483 0.0790 03299  3.15
2 69.01 3 4.53 664 583 0.0346 0.7123  5.00
3 124.68 0.5 3.73 612 532 0.0353 04053  4.11
4 124.68 1 4.28 743 661 0.0344 0.8291 5.53
5 124.68 3 <A77 821 724 0.0415 0.8503 4381
6 124.68 5 485 813 755 0.0204 0.8161 4.97
7 124.68 339589 727 709 0.0102 07535  5.50

a.The interlayer distances of samples b. Adsorption average pore diameter by BET c.
Using tetraethylorthosilcate as pillaring agent without the assistance of ultrasonic

B 5.6 FIE 57 A%E MCM-22. ITQ-2 1 MCM-36 HFLEZ AL
N, WP k. MCM-36 HIfLiRa A thE il ITQ2 AR, BEEAILKESR—
AREMHE, ITQ-2 MBI HMERREMNILAMK, HBTETEERK
i) MCM-36 2 T-iFin 26 —. IXFM XRD EEIBRHSRHEVIE.

MCM-36 [N, RSB R ITQ-2 A, #/E T Brunaver™ #) IV IR
R, WHENBHEENL. HE MCM-36 7€ P/P,=045 MiEWRHH—
AR, H ITQ-2 M PPy=0.4 K. ITQ-2 HXIAFRMMT, DAILIOFE
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BHE MCM-36 5} FIEHIGIK

Adsorbad Volume in ca/g

Diiterantial Pore Volume in ct/g
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Pore Diameter{ nm)

K 5.6 MCM-22. ITQ-2 fi MCM-36 HIFLI2 4 fith %
Fig 5.6 Pore size distribution plots for MCM-22, ITQ-2 and MCM-36
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B 5.7 MCM-22. ITQ-2 Il MCM-36 i} N, R B ¥FiR 2%
Fig5.7 N;adsorption isothems of MCM-22 , ITQ-2 and MCM-36
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EEEMTRAENE S TR LS HEERB N, FEELRAHNEDTEIR
EN LB Fob, WRMESCRBR M BB R 247, MCM-36 531 TR T 7R
BesER B, w1 ITQ-2 o+ TR X% PP, thip) B, XERRSTA
B BIA-L R BRSO E,  IRITERN LR A AT,



HEHE MCM-36 #FIHHIEHk

AN, B SEEETUEHR, MCM-36 il ITQ-2 MR BB RMHLE
Bifk, BRI MCM-22 XB%. BT EH Sa/Sw. [FF MCM-36 tLAE %
WILEA ZMFIE, BEFIRHRGLR R K/ TLIE AR F#R o i R AR K
ATHEREE, RESTSEMAINERLERRE SN TR AREH
Fok, Bt MCM-36 755 i L 238 07 TR F 1R KRR i

2.3.4 JEHRFFIE

AFEEAHE MCM-36 #FREFESBARM, FEGIORE FRBRL,
i s H—FER Tk, Bk A/ 2—5um ZfEl. ARG ERATEESE A
A Ko

B 5.8 MCM-36 (17551
Fig 5.8 SEM photographs of MCM-36
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£=% it

. CADU R SRS RE B &5 S HE AL )& B MCM-36 43> F i . {3 A 48 A b B i b4k
FIRI 1 FUE S R 1L, BEGHE T HALNEE L2 bl, FRLFEST
% 3h BRWTSEAk. M HUAPS R R AU A ERAGT KU R
RFITIRE RN, AFEIESEA K a1 WA ST TRAL M, BIERE.
. IR S AR e R BL-E B R B A RZ R BER MCM-36 5, B& i
F—# & A MCM-36 5 T 2 EIES S —, AR —HFRAFEEE MR
PE A 2R NI MCM-36 7 F i .

. BEESBHAREMEEN B A EK, BRIEMERDREHIGA. 3h FE
ARG I A BB K E, BRIBEEELASFELL,

. B VTR S AL U R B R AR R R, TMA:SIO; tEAGE
KF 1, EWEALFIE KK LA R RE T = R, KNSR
RESR I & P L TE R AL R 118 B A SE, TMA:SIO, BitER 0.5,

. BAHEAN R RS E BRI — MR HEER, LUEEEN B sl ks K
MEESHERES SIOLHET.

. N R ML A RELERER, S8 MCM-36 4 TRAFRKKILE
BRGNS 4/S w0 HAFLAEREBRK, SR SHE—,

. S SRR EEE RIS R RN R, XHEEERHENTE
FAFTF N RIBEER . S P, TSR ) B 1A SR () ) h 4 AR
EHEE, MARFE TR B
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BRE 2XEH

AL T ERER AFE, 5 B8R T B ARHE KM THRE MCM-22
TR SREN HTEHRR EA B ARL T ITQ-2 1 MCM-36 4 T9%, 14
PR E e EIES Ve

—. X FMCM-229 Fm & ik :

1. BAELHTIREMCM-24 FiRERRI ., AREELIREHBIRT &R, W
HBR&#5. BEZWUITESHRMCM-29 TRANEREER. BHRE
BALZMT, MBI RIRHMCM- 22/ RLERE, 455 &1L iE),
PSRRI B

2. BAENHTEMEEMCM-22 TRAAMEEENRREENHE. BE
B A RIGER AR, UBTRERAT— MO FEERENSHHEL
HEBREBIMGR. BAZM T SRAEMCM-229 FRiR 281G < LiRE1E "
(BRE R EAEK) & REN, BRI iR, BIKEF
BRI SR . IR REE & E RAER RLE, HER B RN E Wi
ik 3 358 /I~ BRI REARG 70 1 B TS 368 P S W ) 70 5 T SO0/ ALy O3 =100 14 32 HH Y
i E M T AR SEEMCM-2 . BT ROREMERNE, HHRH
PR HE R . & S IRE R IR I R R B EL I SINTER, %6
"HRLESH.

2. Al BRSNS RS R BRI Bk R B S B (R RS REE) 1TQ-2 fER AP &
EE T RILESE, T RMLEE, BRET 4. X5ERER
& 75 KBRS LA T B SR A I B T B A 45 A B ST R U A 45 H PR T
FiEM - REWA X, THISORMES BT, FIEEERS: BB
BEf ITQ-2, HEEH X BMGE S BHLARERR PRI ERIRETEX
ERUFERRNESN. TIRRR: SMASEEREMNRITRBR, &
AR E AR BFETERNEUT R : & AR ~1PQ-2(P)>MCM-22 (P) DMCM-22>
Lak, LREGHUMAEZERERCERY, BRERLEML, EWTR&
REFRELE.

3. HELNT, ERARNBIERZERRE. 150CH & A AR Sk
MCM-22 4} T, SR IEM AR ZSM-12, KRR

17



EAR £UBE

TR Al MCM-22 3 FIFR G M. BhaSFRILEIA) & i a) B LG # A Y
K, BhAESRAFENKEILNBERSHRE, FRERK. KINERAL
BRLE Si0y/ALO3=150 RIE R AL & R T SER) B RE MCM-22 53 F .

4. ZREERELE

HAZHT SiOyARO;=30 i, PHEE BILEHEIMEK KIIEHIEKSH A
MCM-49, BikE LR PR B PRI & A 2 i ZSM-5. Si02/A105=50 B Bfi
WEELLIR A TKEELLBR(K. S5 4LAT(a) i RE K SR 9 )8 K & 4 Y Kenyaite )
ZSM-5 & 5. St FEREE MCM-22 47, KEEELEK, BEELL K, [ &5
4 i Kenyaite %48, KEELLREME. BUERK S 4K ZSM-12 244
AT AR MCM-22 2 FRENT SRR RS, SrEtb i,
fALE AR . KEELL SN, BB AS S ZSM-12 284, RZ 5]
¥, kenyaite 2%8% o

XtF#EiE MCM-22 5 7%, 8 &BEM Kenyaite 745, 31& 5K ZSM-12
F b,

A A EE MCM-22 4 T R R L

BELAHTAREGHE MCM-22 7T (Si0yAL0;=80~100) FAEHIH ik
HMI/Si0:=0.3~0.5, OH/Si0,=0.1, H,0/Si0;=30~45, seed(ITQ-2(P))=1wt% of
Si0; (HMEHREHFE, ML E &K 5%)

EFE T RS MCM-22 53 FIF (Si0/AL03=100~150) FIARKLE WL
Si0yALOs=100~150 ,  HMI/Si0;=0.3~0.5 , OH/Si0;=0.1~0.15
H,0/8i0:=30~60, seed=1wt% of SiOz, seed(ITQ-2(P)=1wt% of Si0,. (&
BEVE AR, 8L S & MK 5%), BAFS TR LK
gk,

B AT & RS IR LB AR T A, BAE SRR LB AR /b,
AR T MCM-22 43 FIFIES, BRINESS VR, A
A S B EERLL MCM-22 o FIBRIESRRE Em. A ELAEwaibhl
B, #BERKHERE.

Z. T ITQ-2 4TI &

1.

X} F B A0 S (A )8 B K - 38 2 B K 1 CTMABr (1 H B A % pH 158 %
¥4 CTMABr I ELLE KB, A pH=12 A BB 84K 14 MCM-22(P)RE
BWHKIT, pH=14.5 Wi 582k Na-Py 73 -F 0 . LR UGS 5 . 12 CTMABr
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4.

=

HITA BRI BMEL H 00 1/5, BN pH=11 BRI TG Rk, BT
WA KK BRAE, WRe T RREX = Makatb o w, kS B IR @i E
BTN 2%REE 87%, FEMMERLEXRANE. BHEMRMEE
TEBE S R Bl R e th 8 6 T 24 & MCM-41 Nt FL 2 T IR A .
MNEENEEWKGOIEFALR, CTMAYREE AEERILEYNINS
BT, W R AR KB NI ERBESUERERIRAN LS. KPR
NERIFE d=37.09 A SRR TPAHEZRH/NERIFE, & 46A KIBKER
FEX R R CEL%2S# CTMAIITRIE KERSE. HBLEK, EXREMN
miTD, FRERBD, BERKNMENEEYNEEE S . BHEEKE
FREWHK. BAFEEBERIEK.

 FHE LR, BhEH TPAOH HERZEEIFE S 3. 70m, WHESLHAR
BE (& B2 Bk BT IR A F B R T IF I 32 o KIURI B BR{E CTMABr Hi TPAOH K
Fk, R, KB, BIRMRETRITIERKNZRAEAE S E
IF. - FRERE, FNHRTHEGEZY, B5HELIREPIIHEEERE
W, BMEREY 715CHRAL4E MCM-41. TGS, MR
TEHEA 2 B AEIREH K pH AN T 11 el LUB & MCM-41 B4,
H pH (AR KILE N T BRAIVAGTEE, FRGNAEESLE, BAHRS
ALt W ERE. S5, FE.

FEEEKMBRERL RN &SR : MCM-22(P)CTMABI/TPAOH/H,0 =
1/2.5/2.75/16, T=80°C, t=4h.

. T MCM-36 4 F it B & Hk:

A DU H S B RER Eh A AL HI & s MCM-36 4 75, {f F 48 7 Ak B i 44k
FIEFERE N R ERE THARE SRR, SEEAREETE
i JE A 24h oG 485 % 3h,

B F A I B KN B RAE LA L, BRIBEEA. #id R s el
o LA s B A ARERIFER MCM-36 2 F % . 852 BIEHE S EH
(AT 1L TRk BE DL B R — 2 1) & X Sk FE AR AR B P34 00 A, BRI 1 309
MCM-36 4Tt RAIEER S —, A2 MIMF—HAAFERREHEHRK
f) MCM-36 4+ 7% .

25 VD TT R RERG R AL AL IR A DY P AR LB RUR B AP . TMA:SIO, HEA
B KT 1, TG BN KK & AT AL R R e =2, K/
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