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Al-YNU-1 molecular sieve was synthesized through the post-synthesis method from highly ac-
id-treated Fe-YNU-1 in the presence of piperidine. The effects of silica sources, structure-directing
agents, composition of raw materials, and crystallization conditions on the structure and Al content
of Al-YNU-1 were investigated. Optimizing the Al and H20 amounts in the synthesis mixture, as well
as the crystallization time and the acid treatment conditions applied to the as-synthesized lamellar
precursors, produced a large increase in the content of Al in the Al-YNU-1 framework, to nearly
double that of a sample prepared using deborated MWW as the silica source. To form Al-YNU-1, it is
essential to remove most of the template molecules and framework Al species from the lamellar
Al-MWW precursor by acid treatment, and to have a large number of defect sites within the Si
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1. Introduction

MCM-22 zeolite has a unique layered crystal structure, con-
taining two independent non-intersecting pore systems acces-
sible via 10-MR openings [1]. One system comprises
two-dimensional sinusoidal channels with uniform, intralayer
10-MR openings throughout the structure, and the other sys-
tem is formed by a series of supercages, 0.71 nm x 0.71 nm x
1.82 nm, accessible through the elliptic interlayer 10-MR win-
dows. Such a pore system provides interesting structural char-
acteristics, having potential applications in catalytic reactions
like benzene alkylation [2], alkane cracking [3], isomerization
[4,5], aromatization [6], and the conversion of methanol to
hydrocarbons [7]. Nevertheless, the pore openings of MCM-22
are still not large enough to allow processing of bulky reactants.
Much work has been done to improve the catalytic perfor-
mance of MWW zeolites for large molecules by modifying the

pore systems through delaminating and pore expanding.
Because of the flexibility and structural diversity of layered
zeolites, the precursor MCM-22 can be delaminated or inter-
layer pillared to obtain more accessible active sites in the in-
terlayer supercages. By swelling the lamellar precursor with
surfactant and then pillaring the layers with SiO2 species,
MCM-36 was synthesized by researchers at Mobil [8]. Com-
pared with MCM-22, MCM-36 has larger interlayer pore open-
ings, and shows potential for applications in the transformation
of bulky reactant molecules. Corma et al. [9] developed a new
delaminated material, ITQ-2, with a single layered sheet struc-
ture, by swelling and ultrasonic delaminating. ITQ-2 zeolite has
a well-defined external surface area, and exhibits high catalytic
activity in gasoline cracking. However, its hydrothermal stabil-
ity is insufficient for practical application in industry, because
of structural degradation. Recently, Fan et al. [10,11] proposed
a new strategy to expanded the interlayer space from 10-MR to
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12-MR by treating the MWW precursor in a hot acid solution to
prepare YNU-1 zeolite. The new interlayer expanded zeolite
Al-YNU-1 shows excellent catalytic performance in alkylation
and acylation of anisole. However, the framework Al content of
the zeolite prepared in this way was very low. On the other
hand, through regulating the acid treatment and silylation of
the MWW precursor, Wu et al. [12-14] and Inagaki et al. [15]
obtained Al-YNU-1 with high framework Al content. However,
this method also gave rise to a large amount of ex-
tra-framework Al species and Lewis acidic sites, which led to
poor selectivity for certain reactions. In contrast, the expanded
Al-YNU-1 synthesized by the methods of Fan et al. [11] had few
Lewis acidic sites, and the ratio of strongly acidic sites to weak-
ly acidic sites was up to 18, with gave this material unique cat-
alytic performance in certain reactions. Nevertheless, it is still a
great challenge to find a more effective way to prepare YNU-1
with a higher framework Al content.

In this work, Al-YNU-1 molecular sieve was synthesized
through the post-synthesis method from highly acid-treated
Fe-YNU-1 in the presence of piperidine. The effects of silica
sources, structure-directing agents (SDA), composition of raw
materials, and crystallization conditions on the structure and Al
content of Al-YNU-1 were investigated. The synthesis mecha-
nism was discussed based on characterization of the AI-MWW
samples at different synthesis stages.

2. Experimental

2.1. Zeolite preparation

Al-MWW(P) was prepared using a post-synthesis method.
Deborated MWW (DeB-MWW) or highly acid-treated Fe-YNU-1
(DeFe-YNU-1, used as the silica sources for the synthesis of
Al-YNU-1) were synthesized by refluxing B-MWW or Fe-MWW
samples in HNO3 solution [10,16]. The silica source, Al source
(aluminum isopropoxide), structure-directing agent (piperi-
dine, PI or hexamethyleneimine, HMI), ammonium hydroxide
(25 wt%), and distilled water were mixed and stirred at room
temperature for 2 h until a homogeneous phase was obtained.
The molar compositions of the gels were within the range SiO2:

177

(0-0.025)Al203:1.4P1:0.15NH40H:(7-30)H20. After that, the gel
was transferred to a Teflon-lined steel autoclave and rotated
(20 r/min) at 150 °C for 1-7 d. The solid product of the pre-
cursor AI-MWW(P) was then treated in HNO3 solution (100 ml
liquid per g solid) under different temperatures and for differ-
ent times. Subsequently, the solid Al-YNU-1 samples were then
washed, dried, and calcined at 550 °C for 6 h. The obtained
samples were named Al-YNU-1-x(B) or Al-YNU-1-x(Fe), where
x was the ratio of Si/Al in gel. For comparison, a reference sam-
ple was also obtained through direct calcination of AI-MWW(P).

2.2. Characterization

X-ray diffraction patterns (XRD) were recorded on a Rigaku
MiniFlexIl X-ray diffractometer with Cu K. radiation at 30 kV
and 15 mA. Nitrogen physisorption measurements were per-
formed at - 196 °C with a BELSORP-max instrument. Thermo-
gravimetry and differential thermal analysis (TG/DTA) curves
were acquired on a Rigaku Thermo plus Evo TG 8120 instru-
ment under air atmosphere at a heating rate of 10 °C/min.
FT-IR spectra was measured on a Bruker Tenson 27 spectrom-
eter with a situ quartz cell. Self-supporting wafer (30 mg) was
prepared and activated at 500 °C for 2 h under vacuum. After
cooled to room temperature, the FT-IR spectra of the silanol
groups were recorded.

3. Results and discussion
3.1. Al content

Figure 1 shows XRD patterns of as-synthesized AI-MWW(P),
acid treated and further calcined samples obtained from syn-
thesis gels having different Si/Al ratios (Si/Al = 20-70). These
samples were synthesized with DeB-MWW as the Si source and
hydrothermally crystallized at 150 °C for 1 d. The silica source,
DeB-MWW, exhibits a typical 3D MWW structure (Fig. 1(a)).
After crystallization, two new diffraction peaks at 26 values of
3.3°and 6.5° appear in the XRD patterns of the precursors (Fig.
1(a)), suggesting that the 3D MWW structure has been changed
to a 2D MWW layered structure in the present of PI as the SDA.
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Fig. 1. XRD patterns of as-synthesized (a), acid-treated (b), and further calcined (c) samples obtained from synthesis gels having different Si/Al ratios.
(1) Si/Al = 20; (2) Si/Al = 25; (3) Si/Al = 40; (4) Si/Al = 70; (5) DeB-MWW.
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Table 1
Physical properties of Al-YNU-1 samples obtained from synthesis gels
with different Si/Al ratios.

Sample Aper/(m?/g) Aext/(m?/g) Vin/ml Si/Al (ICP)
Al-YNU-1-20(B) 483 171 0.13 183
Al-YNU-1-25(B) 474 188 0.14 220
Al-YNU-1-30(B) 512 121 0.19 275
Al-YNU-1-40(B) 526 104 0.20 317
Al-YNU-1-75(B) 520 110 0.19 630

When HMI is used as the SDA in the synthesis of MWW precur-
sor, our previous work suggested that a crystallization time of 4
d is necessary to obtain a 2D MWW layered structure [11]. This
suggests that the smaller PI template molecule can be more
easily inserted into the MWW interlayer to expand the inter-
spaces under the crystallization conditions used here. After
acid treatment, the layered structure is preserved (Fig. 1(b)).
After further calcination at 560 °C, the gel with Si/Al ratio of 20
gives a 3D AI-MWW structure, while the gels with higher Si/Al
ratios have formed Al-YNU-1 (Fig. 1(c)). Moreover, the (002)
line intensity increases with increasing Si/Al ratio in the syn-
thesis gel.

Table 1 lists the physical properties of Al-YNU-1 samples
obtained from synthesis gels with different Si/Al ratios. With
increasing Si/Al ratio in the gel, the special surface area and
micropore volume of the resultant Al-YNU-1 samples also
clearly increase. Moreover, the Si/Al ratio of Al-YNU-1 is higher
than that of the synthesis gel. These mean that the acid treat-
ment removes a large amount of Al atoms from the precursor,
allowing it to form Al-YNU-1 upon calcination [11].

3.2.  Silica source and crystallization time

Previous work has shown that the YNU-1 structure does not
form even with a crystallization time of 6 d when preparing
Fe-YNU-1 through the post-synthesis method. However,
properly prolonging the crystallization time can promote the
incorporation of the heteroatom into the framework of molec-
ular sieves [11,16]. In this work, DeB-MWW and DeFe-YNU-1
samples were used as the silica sources to synthesize YNU-1,
and the XRD patterns of the samples obtained using different
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Fig. 3. XRD patterns of Al-YNU-1 samples synthesized from synthesis
gels having different H.0/SiO2 molar ratios.

crystallization times are compared in Fig. 2. With DeB-MWW as
the Si source, the structure of Al-YNU-1 is obtained when the
crystallization time is 2 d (Fig. 2(a)). With increasing crystalli-
zation time to 4 d, the (002) line shifts gradually to higher an-
gle, and merges with the (100) line, implying that the 3D
Al-MWW structure has formed. When DeFe-YNU-1 is used as
the silica source, the (002) line is clearly observed when the
crystallization time is 2 d and changes little when the crystalli-
zation time is prolonged to 4 d. Furthermore, the Si/Al ratio of
Al-YNU-1 using DeFe-YNU-1 as the Si source and a crystalliza-
tion time of 4 d is 118, about half that of the Al-YNU-1(B) sam-
ple with DeB-YNU-1 as Si source crystallized for 1 d. All these
results suggest that high framework Al content can be obtained
in Al-YNU-1 by using DeFe-YNU-1 as the silica source.

3.3.  H:0 content

The effect of H20 content on the quality of Al-YNU-1 struc-
ture was investigated for gel compositions of Si02:0.02A1203:
1.4P1:0.15NH4O0H:(7-30)H20. The XRD patterns of the obtained
Al-YNU-1 samples are shown in Fig. 3. The H20 content has a
significant effect on the formation of the Al-YNU-1 structure.
With a H20/Si02 molar ratio of 7 in the synthesis gel, a well

a (b)
<
Lj 4d
>
2
L
= 3d

26/(°)

Fig. 2. XRD patterns of Al-YNU-1 samples synthesized using different crystallization times with DeB-MWW (a) or DeFe-YNU-1 (b) as the silica sources

(the Si/Al ratio in the gel is 25).
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Fig. 4. (a) XRD patterns of the Al-YNU-1 samples obtained through treating with 2 mol/L HNO3 (1), 1 mol/L HNOs3 (2), and 0.5 mol/L HNO3 (3) for 1 d
before calcination, and through direct calcination (4); (b) XRD patterns of the Al-YNU-1 samples obtained through treating with 1 mol/L HNOs for 4 h

(5),10 h (6), 16 h (7), and 24 h (8) before calcination.

separated (002) diffraction line is observed. With increasing
H20 content (> 13), the (002) diffraction line is shifted to higher
angle, suggesting that we obtain a mixture of Al-YNU-1 and
AI-MWW. Once the H20/SiO2 molar ratio exceeds 30, only 3D
Al-MWW structure zeolite is obtained.

3.4. Acid treatment

Figure 4 illustrates the influence of acid treatment condi-
tions on the Al-YNU-1 structure. Direct calcination without
acidic treatment transforms the precursor Al-MWW(P)(Fe)
into 3D AI-MWW, as characterized by the three definite diffrac-
tion lines in the 260 range of 6°-11° and the well separated lines
in the 26 range of 26.5°-30°, with no broad tails on the (310)
peak (Fig. 4(a)(4)). However, treating the precursor with nitric
acid before calcination leads to different diffraction lines for the
calcined samples. Shifts to lower angles of the diffraction lines
for (002) and (102) reflections were clearly observed (Fig. 4(a)
(1-3)), indicating the formation of Al-YNU-1 structure [10,11].
These results imply that the acid treatment is indispensable for
the synthesis of YNU-1 zeolite. Nevertheless, with increasing
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Fig. 5. TG profiles of AI-MWW(P)(Fe) samples treated with 1 mol/L
HNO:s for different times.

HNO3 content (Fig. 4(a)) and acid treatment time (Fig. 4(b)),
the (002) peak intensity also increases gradually, because of an
increase in the quantity of Al-YNU-1(Fe).

The effect of acid treatment on the amount of template mol-
ecule (PI) was investigated by TG tests, as shown in Fig. 5. The
mass loss of AI-MWW(P)(Fe) precursor accounts for the change
in mass of 15.5% observed between 140-700 °C, while the
mass loss of the sample in this range after acidic treatment (1
mol/L HNO3) is only 3.7%. This means that through acid treat-
ment for 4 h, 76% of the PI in the AI-MMW(P)(Fe) was re-
moved. With further increases in the acid treatment time, the
amount of PI in the AI-MMW(P)(Fe) sheets does not reduce
appreciably. However, increase in the acid treatment time will
lead to a decrease in the Al content in the AI-MMW. The Si/Al
ratio is increased from 30 at 4 h to 98 at 24 h. These findings
are consistent with the report that when more framework Al is
removed by acidic treatment, the formation of Al-YNU-1 be-
comes easier [11].

3.5. Morphology of sample

Figure 6 shows a SEM image of the DeB-MWW sample.
DeB-MWW is present as typically round, lamellar particles of
about 8 pum in diameter, made up of stacks of thin platelets
(about 0.1-0.5 pm long and 0.05-0.1 um thick). This morphol-

Fig. 6. SEM image of the DeB-MWW sample.
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Fig. 7. (a) XRD patterns of samples treated with H20 at 100 °C for 1 h (1), 0.1 mol/L HNOsz at 30 °C for 1 h (2), 2 mol/L HNOs at 30 °C for 1 d (3), 2
mol/L HNO3 at 80 °C for 1 d (4), and 2 mol/L HNO3z at 100 °C for 1 d (5); (b) XRD patterns of corresponding calcined samples.

ogy, including the particle size and stacking manner, exhibits
little change after subsequent crystallization, acid treatment
and calcination (not shown here), suggesting that although the
crystallization and acid treatment for post-synthesis may
change the microscopic MWW structure into that of
DeFe-YUN-1 or Al-YNU-1(Fe), these steps have little influence
on the macroscopic morphology.

3.6. Possible formation mechanism of AI-YNU-1

To elucidate the formation mechanism of Al-YNU-1, XRD
patterns of the samples obtained by treating the AI-MWW(P)
precursor under various conditions are displayed in Fig. 7.
When the precursor is treated with hot water, little change in
the XRD pattern is observed (Fig. 7(a)(1)). Correspondingly, the
subsequently calcined sample shows a 3D AI-MWW structure
(Fig. 7(b)(1)). However, after treating the AI-MWW(P) with 0.1
mol/L HNOs at 30 °C for 1 h, the (002) peak disappears or shifts
to higher angle (Fig. 7(a)(2)), and about 71% of the total tem-
plate PI is removed. The removal of PI molecules alters the
parallel arrangement of the AI-MWW(P) sheets so that the in-
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terlayer space is reduced. By increasing the degree of acid
treatment, the (002) diffraction peak (which disappeared after
very mild acid treatment) reappears, and its intensity increases
with the strength of acid treatment (Fig. 7(a)(3-5)). After cal-
cination of these samples, a mixture of AI-MWW and Al-YNU-1
is obtained (Fig. 7(b)(3,4)). Finally, pure YNU-1 structure is
obtained after a deep acid treatment (Fig. 7(a)(5) and Fig. 7(b)
(5))-

In addition, ICP results show that higher temperature, high-
er HNOs concentration and longer treatment time can remove
more Al from the AI-MWW structure [10,11,16]. Thus, it can be
inferred that the stepwise removal of interlayer templates and
succedent Al atoms at the interlayer site occurs during the acid
treatment stage. As a result, many interlayer framework defects
are probably generated, and, at the next stage of calcination, the
defect sites are then transformed into Si-O-Si bridges between
the lamellar layers [17].

The effect of the framework defects on the Al-YNU-1 syn-
thesis is demonstrated, as shown in Fig. 8, by comparing the IR
spectra of the hydroxyl stretching vibration region of B- MWW
treated with refluxing acid solution either once or three times.
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Fig. 8. (a) OH-region IR spectra of DeB-MWW obtained by treating B-MWW with acid once (1) and three times (2); (b) XRD patterns of corresponding
YNU-1 samples synthesized from DeB-MWW obtained using B-MWW treated with acid once (1) and three times (2) as a silica source.
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Preparation and formation mechanism of Al-YNU-1 using highly acid-treated Fe-YNU-1 molecular sieve as a silica source
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Al-YNU-1 zeolite was post-synthesized using DeFe-YNU-1 as a silica source. In this way, its framework Al content was significantly in-
creased. The chemical composition of the synthesis gel and the acid-treatment conditions of the as-synthesized precursor have great ef-

Al-YNU-1

The two distinct bands at 3730 and 3500 cm-! are attributed to
external Si-OH and silanol nests. The silanol nests should orig-
inate from the defect sites formed as a result of the acidic de-
boronation. When B-MWW treated once with acid is used as
the silica source, the resultant sample exhibits intense IR bands
at 3730 and 3500 cm-1, showing a large number of defect sites.
After calcination, the YNU-1 structure is achieved (Fig. 8(b)(1)).
In contrast, in the sample obtained using B-MWW subjected to
three acidic treatments, the number of Si-OH, both external Si-
OH and internal silanol nests, is reduced (Fig. 8(a)(2)), which
can possibly be ascribed to the structure contraction from the
harsh acidic treatment. When B-MWW subjected to three acidic
treatments is the silica source, the resultant samples show only
3D MWW structure (Fig. 8(b)(2)). Hence, we may deduce that a
large number of defect sites in the silica source, as a result of
the acid treatment, are essential to obtain YNU-1 zeolite.

4. Conclusions

Al-YNU-1 molecular sieve was synthesized through the
post-synthesis method from highly acid-treated Fe-YNU-1 in
the presence of piperidine. We found that the gel ratio and the
crystallization conditions strongly influence the synthesis of
Al-YNU-1. High aluminum (Si/Al < 20) and water contents
(H20/Si > 19) in the synthesis gel and long crystallization time
(t > 4 d) are not favorable to the formation of Al-YNU-1.
Through optimizing the synthesis conditions, the content of Al
in the Al-YNU-1(Fe) framework is significantly increased (Si/Al
= 98), to nearly double that in a sample prepared using debo-
rated MWW as the silica source (Si/Al = 220). About 75% of the
template molecules (PI) and a large amount of framework alu-
minum are removed in a stepwise way by acid treatment. To
form Al-YNU-1, it is essential to remove most of the template

molecules and framework Al species in the lamellar AI-MWW
precursor during the acid treatment, and to have a large num-
ber of defect sites in the Si source.
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HERATIAA AT . B R ES b 2, 13 B A 2
SERIINTQ-24 T 0. 1% 571 I 75 L2 VR R s i
BoRH RIS, (B2, X RIS KRN
En AR A AL, KA FR e PR 2, = TR AT =%, 5341,
FEI & I FE b, BRI 2 72 8, PR WS ARAR. S T R
XA BB, FanZ O 3o xof 2R AT 94 k4T R Ab B
AR BESIAILL, STk 2 10 e FLIE S fE 127t
I FLIE, A AL-YNU-155 9, 8 78 48 F R R F A0
POk Ak S 7 Fh EL A 2 PO A T . SR 0 2, X el 4

T ZEALS EARAK, T H B 22 AL &2 — Ak
fil. AEIETY 5T, WuZe ¥R Inagaki & 1@ i i Ar e b
AT, B e T B, 193] TR BRALE B RS 1
Al-YNU-17r T, (B2, KRR BN R SEB 2
AR ZRAL 7= AR B LR, AT I 1 7E S 6 s 8 v
BEBEEARAR, 177 R FH Fan M ) 7 25 1) 4% AORE S AL LIR
AR, M H AR 5 55 & 2 ik #)18LL b L B A
MURF I EEACYERE. R, R 0 EER R — PR i ) 4
AlFYNU-177 10 B #% 4%, AN AT DA s JL B B AL &,
M HL e % i S 3 ZE A AEAE.

AT RGFEIERI S . BEAGRISE R SR
LU R B P 2% A S5 55 107 40 485 ) D S5 T R AR, R LR EE
i £ ) Fe-YNU-14> 15 (DeFe-YNU-1) A EEJE AL AT L
E— R _ LR AIYNU-15 T 2R ALE &, 1 HL
RERE 0 Al-YNU-177 i 247 AT 4545 B

2. SKEEERSY

21, HAEHIE

B — 52 EAIUREE (P1,99%, E 258 AL R A R A
F])\ 25 T KRR K (25%) IR A5 3515, TN FE B i
DeB-MWW (Si/B > 200) 5§ it 4 i) DeFe-YNU-1 (Si/B >
1500, Si/Fe > 2000)#F: finr, 4 HH 35 51 J5 B 0N 7 PO B 45
(AR, E 28 B a0 A D), JFiFELh, SR E RN
WA SR DUFR S M & e v, 1150 °CRL Bl dndl. bl BE
/R B EE A Si0,:(0~0.025)Al,04:1.4P1:0.15NH,OH:(7~30)
H,O. P&t if. Yol MT15 s 15 2 Al-MWW(P) | 5K
PARESD. BRI E (FTHNO, (2 [ EE 24100 mil/g) b 2
F1550 °CH5 k%, 15 51 Al-YNU-1-x(B) 5 Al-YNU-1-x(Fe) 7>
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TR OCNEEIR (ISIAILL). DeB-MWW A1 DeFe-YNU-17>
TR % 7V 3 0 P WL SCHR[20,16].
22. HmMRIE

FE b B R AT 5 (XRD) 1 7E Rigaku Mini flex 1T X
SERAT S B DR, Cu K 2R IR, 3 30KV, Eii15 mA,
A K0.02°, F331 58 R 4% min. FF 5L 0#: 5 7E Rigaku
Thermo Plus Evo 812074 #4 & % #4(TG-DTA) i A3k 47
82 SR, iR F800°C, THEHE %10 °C/min. KRG
YRR AE LR G S B T 6 % X (CP-AES, TJA Autos-
canl6) bAoA, FF b BILLA G F Bruker Tenson 27445
WA, 30 mg RIAE il B SCHE F 7E IR A7 21 48t 22500 °C 3L
AL HE2 h, =R R

3. #R5HE

3.1. Al ENEN

Kl1(a) A LADeB-MWW A EEE . R IIASFIAIE: ., 150
°COK AL S B FE S RXRDE . | AT I, B 5 AE
6.54°4b tH I T % T (002) il [ AT 5 U, R B B 3D
45 K4 (11 DeB-MWWE AN [A] AL B4k 2 v 3 W] %48 542D
EARFTIRAARAI-MWW(P); T [RIRE 244 T, LAZS T Y 2
G (HMI) R AR 7, 75 df A 4 d A RE T I A 1) 45
0 B4 T HARB/NMEPIAS T 5 536 AMWW43 T
i J2 18] 45 Ky v . X 282D AI-MWW(P) BE i 22 HNO4(2
mol/L) A ER & , 15 B 2 IR 45 74 (I (b)), 1H F-£4:560 °C
FER 5, SUAILL A 20 FFEE 1B 753 24T it 11 (002) 117 S Vg it 52
KR 55, 2 B FL AR 3D AI-MWWEE Ky, 11 e FE 5
D% A6 D9 ALY NU-1 7379 (0 B 1(2)), 36 WA AL B BUIC
i )T ALY NU-153 -7 i T .

RLUNAF AN SR G A s S5 MR
AU, S e ALy B AT DA FE B ALY NU-14) 11
AP AIE & EFUARFR N, LR AR AN %, 1
AhEE R THAR SN, AILYNU-143 10 (2 18] FL1E N 1270
IR, 3D AI-MWW Z 8] FL1E A 10763, B B L] 0L, s
Al B A B S 3 I ALY NU-10 1 B A
A, R, FLARAR A /N, BF T 2 T AI-MWW(P) T 3X 14
R S BN 2 R AL B, B 25 K3 AR 77 43 1A
BHRAG A BeF AL A ALY NU-15) 1.

3.2. mitEtE a0

AT AT 9T 3R W, SR 5 A i) 4% Fe- YNU-14> 1 i
i, 24 3L A I T IA F6 di, R BETE Y NU-145 #4108
T B S AR B 1 R 2 S 3N o O e,
P24 43 51K F DeB-MWW Fll DeFe-YNU-1 A L, Si/Al

= 250, HERETEAS [F] & AL B )45 2R 5 I XRD . H ]
A L, L DeB-MWW N REJE I, & b I 8] 20 F-2 dis, mp DL
13 BIALYNU-153 77, 4 diAG I 8] 28 K 304 dIs, FF 5
(002) i T 7 555 Vg [ 1= #1 FEE #2311, 312877 155 (1.00) i T 77 5 e
#HE, 3D AI-MWWEE 1. {H 4 i DeFe-YNU-11E Ky
FEVRIT, fitka di7y il 453 2 ALI-YNU-15 197, Hod 22Si/Al
b % = 118, 249 & AI-YNU-1-25(B) 19 1/2, % B LA
DeFe-YNU-1 75 - fiifi J9 #E 8 7T LA KR 32 =1 Al-YNU-1 43
TSR S E(LRD).
33. KEHEI

3 2 Bt R 4 R N Si0,:0.02A1,04:1.4P1:0.15
NH,OH:(7~30)HOR, 7K £ 5% B ifil] Al-Y NU-1FE it 514
MIsEmR. g5 SR8, G R R A N i K & BRI IK
& AI-MWW(P)(Fe) ¥ T BS54 B 25201, (E X Al-YNU-1
Iy TR S5 BT B AR K. A& HH,0/Si0, = i,
72 ) 14 (002) AT 55 VA7 BT, 8 n A SR Rk R K 2 =
H,0/Si0,> 130, {54 & (002) & Thi 7 4 W2 ¥ A2 59, 15
B HP ALY NU-173 10 () 2 5 b, 24H,0/Si0, =
30, H AE75 53D AI-MWW )11,
34, BRACIESEHHIRM

P 40 1% b T 2% 36k ALY NU-150 197 T 1% R 52 i
H AT WL, B R B AI-MWW(P)(Fe) Jm , #1260 =
6°~11°4b Hi I3/ W 1 A Ui, HL7E26.5°~30° [X 1] (1
T BT R %, Ul B B RS R 3D 45 44 1) Al-MWW 43 T
. T S 28 T A BE PR 8 BT 1R i (002) o T 77 46 U 35
BRI D0, FL(102) [T 77 5 Ve 55 w6 [ 1K £ B2 7 el (i #, T2 A
ALYNU-L17) 7 B0, [t 25 18 4 J3 R0 A B8 () £ 395
T, B i (002) s THT A7 5 U 328 37 38 5, % W AI-YNU-1(Fe)
.

FESL I TG-DTA R Z& W IS TR, 7£140~700 °C 2 ],
A BRAAR R 5 AI-MWW (P) (Fe) (1) 2k B & A1 15.5%, iR b 4
h FE &b 1 25 B BN 3.7%, B O A R A4 B
Al-MWW (P)(Fe) BT BX 1A 4 h, B AT it B H 76% ) A% 4R 7).
HE— 0 AE KR AL BN [R], A b FRORAR ) e B A
4 n, 15 Si/AL30 (1 mol/L, 4 h)# /i £1]98 (1 mol/L, 24 h).
HIF e 2 W T R B 25 B 2R AL R 22, BRI T TR AR
Al-YNU-1%F-if.
35. miifi

K164 B i [FISEMIE Fr BE R DeB-MWWAF: i F
K£50.1~0.5um. JF£30.05~0.1 pum )58 FoofR /) itk HE AR
BRI AL 99 pn (1 HH G U1 (8 R DEAR K L 4 R, 28t
B. /KA. BRAL R FIKE 56 75 F (1) DeFe-YUN-1 Al
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Al-YNU-L(Fe) I it it b /N5 HERR 7 s AR A R AR
A (R ARG ), WX s ah B FE AR R T
DeB-MWW 1] J2 [] 46 14, {E6F e Stk JE S R2 0 AN K.
3.6. Al-YNU-149 Fisi s AN IRIR 1T

TG/IDTAIR E W, AI-MWW(P)(Fe) 7£ /K i i &b
AN RE R BRASTAR ), R b, A B PR R b AT DR R SR
SERY, KBS TE 3D AI-MWW 45 Ky . {H 287l 112 (0.1
mol/L)7E30 °CAL # 1 h A it ki £ 71% (1 AR, 7530
[B) 45 ¥4 A A2 B AR 4k, 2D AI-MWW (P) (Fe) Fif B 44 5% 28 1
3D AI-MWW.  H A 8 14 i A B 2, Ik — P e K
P A B o [, o J22 () T R AR 5 4 A 2 2 i 75 LA DR B
PEAE560°C A A P RS BE10 i, 5 B X AR 1 J2 Tr) &5
F41, T LY NU- 1431

ICPAITGZE FE2 B, M9 N R A< F55 AR Ak B I (1] R
T BR 2 2 () BEAIFI R 73 RE )2 J2 TSR 771 401
XA TE LY NU-L195 -0 i A i B 2% D01 i
ZRAN B 5 BUY BOK B 1 s SR AL, KB 45
T I e B 05 2 () FLIE AR 13 250, AT M TE 58 T IO,
TEJZ AT R AEAE Bk I AR AL T RT R, 25 SR36 )2 [R] 10
T ALIEFE A5 12 A FLIE M. 2 FLIE 45 iy B AR /K 34
o P 22, (H B e s, DRI, R be JE T T R B
K, B YNU-LE5 4. i P ARG IR B2 1% Ak 24 50 Ak 4 o [ 2%
I, B ARAI-MWW(P)(Fe) Rl SR A4 A &8 20 AR 751 20 1
75 DAB I, (H B 22 H AL B B /0, TR B, T2 1) A
SRR D, AR T SIO M AP AET LA R AR AT RS, 3 5L
R e 5 75351 3D AI-MWW 2317,

viv A S 67 1)V FH AT LA 3 THD () S 5045 31 1) B2
HESE. [E18(a)  B-MWWAF: i 73 5l 28 — IR R A B AN = 2K

% 4b B2 J5 15 21| DeB-MWW AL i (R 2 ZEFT-IR1E. 37300
3500 ™A W AT 43 il 5k I - A 2 THT IS Si-OH AN LA
HAH LB I OH SLAR B MR e e |y w0, 5 B =K
5 5| i) DeB-MWW (ic y DeB-MWW-3) #H LL 75, % Ab 3
Jii B— X 15 2 ) DeB-MWW (ic. iy DeB-MWW-1) [t $2 3t
W g g A A2 39 5, 2 B SR AR AR (1 it M SRR £
U1 E8(b) [ 7%, LA DeB-MWW-1 4y 50k AT LL ] 4% 1 45 #)
SEEMITi-YNU-1; 1 LADeB-MWW-3 4y J5 K| H A8 45 3|
3D Ti-MWW. X % Bk H 5 & B2 i) 2 YNU-17) -1 i
i, H:SiJ (l1DeB-MWW 1 DeFe-YNU-1) 414 8% 1£ R
Ao B R T A6 A )3 K ) R A R A, A RE T
FCYNU-145#).

4, #Eip

K JE & A48 7 AILYNU-12>1-0%, K304 5
RE T BE AT 5 A S A0 TR B AL-Y NU-1 43 1R 52 i 1R
K, B R S (SITAL < 20) . 1K B (H,0/Si > 19)
KB AT (] (t > 4 d) S5 AR T & BLAI-YNU-1 5317
IR BER R BER B R K E B A B (] R K
A B 1% 4b BE 4% 1 5 DeB-MWW 1 Jy i 5 4H EE L BL
DeFe-YNU-14) 71 A Sidi & i ¥ Al-YNU-1(Fe) 73 -1~ ifi
HALS S8 — %, XA [F R AL BEAR FERE S i 0 A
B, 2 PR AT 9K A B 770 20 1 R0 AR T R A B 7
B R %, B 3D MWW S5 K (1 Fe T 7 7K B i 4k
BEAR R 2D JE MR AT IR RN 5 SR Ve 5 R be ik R rh SR
B R A WA A, TR A B G ok SR AT R AR o S A
R 43 - B4R B STV Hh A7 AE KB 5 A B B AL 2 T
Y NU-145 14 1R 2 %A, =35 th— AT



