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AR 3CPL NaY 43 T R W%, BN S MOM-48 By BERE 1, — 2 i BE T F ik — Be 1],
B NaY/MCM-48 & & 7> 70 . & R MR 5, i s, BAHIG FLIE S .
XRD . fL&H A7 Al IR SRAEZE R YU B & A B & 44 8HF I B A L2 70 MCM-48 Al
Y BB RRAE, AR TR AOYIR G4, TPD ot Ui, &6 H el iy B o th gl o
Lo TR BRI R MR BE S 3R, S H P A AR BB, K 1% 4 R o LAA
&0 TiAARFAKMFEESE, DFT HHREARLSA N 1.2 fl 3.20m.

2 ERHH

2.1 Ef

F bR = H R AL 4 (CTAB, AR, R XF A RAA); IEREER B (TEOS,
AR, R HEALT)); NaOH(AR, I 4b¥) ) XBE /K (HHl, R>8MQ); NaY ¥4
(BERR LR 2.4, BETF KE AT )
2.2 BEESFHHIE

A TCHE G5 T NaY/MCM-48 (& BB 1 e ® M Or B Efil & s MCM-48 431
R BEIE, Bk 40~50min J5 M NaY 43 7, GGEHFELY 50min JFHANE K&, 110°C
MR —ErEE, 2%, TREIEES THRIER. ZEa0 FRE&S T Nay Al
MCM-48 [y L] (£ 3.6/1.0, Ji i 1b). # R BAJ7 8k & il MCM-48. HUIRIR & 43 7 I B i
R R B A 43 T 5% NaY Al E i MCM-48 HLARHT B i 5, Wi L) 5 52 & ke A 1
2.3 {YEEERIE
2.3.1 BHESWRBEXNELE

43 F- 07 R i 11 o FE 5 A SR X 4 5 BE I R AE H AKHE 227 D MAXY/ I -(A)X B R A7 Y
Fl%E, CuKof@8, 4 E 40mV | 4 B 7 30mA , HHTEHE 20 =1° ~ 30°.
2.3.2 tbkxREFIL S

BET WRMM, FLA KFLRL A 0 & i 2% B RS A =54 7 19 NOVA-2000 2 4 22107 f
A . A BET 20 W B 2 v i A9 LR 1, DET 3: 0 & FLAR BRI LR 4 A .
2.3.3 SEM#I TEM F1{E

fl PR T B F A 2% Philip 23 7] B9 XL30 ZY445 filf R85 WL 2%, 35 Sf HH 8% 43 A 46 ff 22 Philip 24 A]
flf TECNAI20 {58 347,
2.3.4 FT-IRFKAE

LLAMG 3 (FT-IR) FRAF7E S E 47 & 570 A 7] 9 TENSOR 27 BUH L 20 4h 635X F 34T,
JEHETE B 4000~400cm ™1, A3 WA F lem L.
2.3.5 EAHSMERMENR

B ARG R RN K E A NHs B2)7 FHR BT (NH3-TPD), 78 K BB AU &% A R
2v#] TP-5000 AT, FRALT s BN He, SEFHIRF] 550K W4T 1h, T 3 B 30mL /min, #R
Jei W ZE 2R T 0 Tk vk IR B NHLs, W% B RS 7E 25 3R N UK 1h, Bl S DA 300~773K B2 T FHE,
BB A4.73K /min, $5 K0 R 6 NHs (545
2.3.6 EAHMNKAREMENEE

WBa A E S0 TR MmAE K& 1h, @it XRD H# KB4 B 8T 5 A & o MCM-48



5 3 ZEKIT, %: NaY/MCM-48 & &4 fifi 9 & 5 RAE 1211

A G (211 5 T AT ST 0 0 i 7 JBE ) B 1 o % e HL R R R 5
3 HERFTie

3.1 XRD4#h

B 1k a AR S ol MCM-48 7L 4y 79 76/ f Y5 B W 19 XRD &3, il 45 7 12
22 k. HETUEHEES TREMLMH K 20 = 2.5° . 2.9°, 454°, 4.8 4
(A7 5 06 R MCM-48 ¢4 (1 3. 7 HEFI AT St e, i HA W LR BLE & 5 MCM-48 {1y 260 {51 [7]
XM T E B4 MCM-48 £ (LI 1) /Y 20(20 = 2.66° , 3.08° ., 4.84° ., 5.06°) {4
[T 6G A BE A RS, 0 PR BT A 4 R L 1 B B B 2 MOM48 R B MR, A &
B SCHR BT IR NaY/MCM-41 & it B b, E AR P LA B SR d 5 g FLAE R
A HA IR/ B4 1. NaY /MCM-48 A it ad 7 o o 7L FE 5 I B A Hhr T L R 9 77 78 T Wi
45, K B SRR R B4, SRR AT RE R B T AL - LR O I, MCOM-48 3
T 5 Tk R e B 5 4 AR R T 1 DO L 4R FT RETE AL Si-O-AL 45 &, I 33000 T BE 45 &
B NS, BERIER BT R R E RS, BHREBRME S0 TP &
Bk U BREEAHTE 205,

NaY/MCM-48
E B
7 & | !NaY/MCM-48
| 2
2 RS k | * i ‘ A A
Mo . " iy iy ,-:\nm
1 5 3 y) 5 510 15 20 25 30
26/(°) 20/(7)
B 1 HEA#Re A MCM-48 ) XRD. Eil B2 EA&4FHRiM Si-MCM-48 7E {4 fL X 15
Fig. 1 XRD patterns of NaY/MCM-48 and #) XRD K%
MCM-48 Fig. 2 XRD patterns of NaY/MCM-48 and
Si-MCM-48

B 2 %8, S T AL AT 9 K, Bl 20=5.5° ~ 30° Z [BIFF7E Y AL A7 49 R AEATT
S0, T Si-MCM-48 1y S AL K IOC AT i 6. SIS &0 T P AF7E Y B0k 0 o0 T I i fL3E
it WP L. 2 W RAA s R BRI AL T AR Y MCM-48, [l IE PR B A NaY #4171
ik, B R AL - AL & T
3.2 IR%#h

AR A MCM-48 5 NaY HUARIR &% i 39 FT-IR RALLRINE 3 Pron, & UM iy
2141 3% P AE 1635cm ! Ze A7 H DR 114 MR WA U Xk 87 43 6 T R A b K R R iR 3, AE 1230,
1080 Al 452cm ™" Hi By W e W X W F+ =Si-O-Si= {4 X 5 1 47 I S A2 iih R 3, X B2 o
fLor 10 MCM-48 (3L W WOl s . AN R B T Y U4 7 ) 3 SRR B 204k 3)
W 7E 1024, 787 I T16cm " (Y IEE RS B T IO TR R A AR B, 5T4em ! AR B BEBUER R 3)
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. B 3B UIAE L, MVMIESWARMRE, ZaFH7E 626cm™" b i BUA R # % 1
W XA RE SR H T AL - AL S T A A R I T AR B2 A R R SR T A 2 R T R, TR BT
B SR R S T A S A L o T 7 A 6 R SRR B T A U

3.3 HEAH

NaY/MCM-48 P 31 R B T R NaY J0RE A 45 i 52 4
Hy /T Bh A7 AR ORL (B 4a), MCOM-48 Iy etk
Ak, TEARANKHLEE (B 4b). W &+ m iy
SEM M F (1A 4c) ATLAF H, NaY Hik
PyrI I, BEE7THMESL Y 41 L
Lo flor 10 MCM-48 ZHI4R K. Flif i
APE S, FEa T, TR T

1600 ' 1200 | 800 400 fiii MCM-48 £ NaY ki ZTHl/E . fHRRS
Wavenumber/cm” [Fl 248 T & B0 2 MCM-=48 1 FL 7> T %
B 3 Eatem MR & H e IR & FEmAE b, AR T BURL o B, B2 B
Fig. 3 IR spectra of the samples Uﬁ/]\.
N

B 4 NaY:,  MCM-48 HIE &Ry SEM B F
Fig. 4 SEM photographs of NaY; MCM-48 and NaY/MCM-48
a: \NaY; b: MCM-48; ¢i"'NaY/MCM-48

BRI B S R BE (] Sa) R BIR &4 70 2R 1 U5 SR B A A MCM-48([& 5b ) A A
AR FLIE, WA G R LG AR SR A AL T R FLIE AL, AL TR B A
FHBA IR AL TRy L FLIE.

3.4 ERHMEMEIHTR

F TPD(F2 7 T+ i Bif) X 52 H il A28 il FL NaY LA K4 MCM-48 i B 1 #E 4T T R AL
(mE 6 Frm)- B A, 26 MCM-48 H Bl —ME SRR A NH; JBER I, Bifisl MCM-48
PR R LB — MR AR R AL, H IR MRIR XA, B RN Y SR AL, fFL NaY
o 19 BA WIS R.0 JF 69 NHs JRE R 06, 28 NaY 70 -0 R B A WA S R Bk AL, H
P T JHG AL TR A R B Y X, SRR R R B S BT PSR S Y
JRERT I, BiRHE &, HRE R EA A REI A BRI, Ho K gL B H A MCM-48 £ i iy
NH Jid b 0 i 1 v i DX, [ Bof 0 T B AT A 39K, 908 P 52 5 o ) 4 T I 1P 2 1 14 B MICM-48
9 BR Y ] W 3O, RN & 19,
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Fig. 5 TEM photographs of NaY/MCM-48 and MCM-48(111)
a: NaY/MCM-48; b: MCM-48

1000
MCM-43 //f
5 o = //’y
s 5
2 5 \m
2 3 // NaV/MCN3
= ;6 400 /y
J {//
2()0—/
. a0 a0 00 0.2 04 0.6 08 10
K Relative pressure,p/py

B 6 EAHMm., MCM-48 fil NaY ] NHs- B 7 ZEkRS MCM-48 () No W M
TPD Hi4 FRL
Fig. 6 NH3-TPD curves of NaY, MCM-48 Fig. 7 N2 adsorption and desorption
and NaY/MCM-48 isotherms of the samples

3.5 ILEMRIERKARRE M

Bl 7 B A4 A al v fL MCM-48 #: 5 28 550°C Kb 6h J5 (1 No W BB B SR 28 H
P 7 AT DASE M, R R 28 2 O SR Y m L T Y TV LR B SRR 2R R R I BE (p/po <0.2),
No (9 W2 it 42t Bl o0 s 9 T e s AL 2R PR 3 n, Xl F N FEFLEE B A AR B9 300 T IR R 51
0, BEEMIESIHE K, % 0.2< p/po <0.4 B, ML LM, WHEREN, R N 8 RHE
LN AR B AL BER USSR, MiZkbEe B R, XRW No FEB A A 80 A
A, 2 p/po HO 1A, sl MCM-48 £ 5 Y SR M &R B R, RAREXLBE T
FERB LR FE, B UKL 6] FL B 64 6 240 B SR Ay, 7 4 W BE S R o A i R R L TS
KT AL o WA B Ay T S ERE  BY  ZO BA IR ER, AR R TP R B T AR
REGBURLE] LB, BB NaY 3415 & A B & FF i b R S5 25 18 T 6 B0 26 FLAE i 1
R R BEAF, MM SR B AR —B. B 8 MMM E &0 T iy fLia o A,
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MR B, SR ERSf7E 3.20m 247, AL ERS A E 1.20m 247
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Fig. 9 XRD patterns of NaY/MCM-48

8 H & LA
Fig. 8 Pore size distribution curve of
NaY/MCM-48

B A M AIZE MOM-48 #: i [F RHFESR K 3 1h )5, H& HKREERTE R XRD
Bl an e 9 . 10 Al 11 foR. airp £l MCM-48 # 5 7 ¥ K h 3 1h g, HoA fL &5 LT 52
IR (A 1L PR), S HOKRGR EthE2E. mi B 9 A, Sk b 5 e R
MCM-48 HrfLZEM AT SR Se i, L 45 T RR AR 04 BT X8 17 1) XRD 417 S W3R B2 A D17 T R, I
HL A% b TR AR 1Y 20 1] 7 M BE DT e RS . AT RE R i TR B R, v AL 2 T A0 5
W, SECHFE TR, BRSO, SBRES BN, 20 K. B 10 WER, &
A R b Y AL I 20 XRD 477 ShF Uk 2 B AT 1 U8 £ BE LT B0A 22 b, il BAZE K R A B 72 P L
LI LA, WBCA M ca . WBA A S YRR AL AL AR K B RE R
KAEwE, A& PRI & bR BGE A P oL o 1 5 K BVRa R MR B — A 2 7 .

After hydrothermal treatment

MCM-48 of before
hydrothermal treatment

Intensity/(a.u.)
Intensity/(a.u.)

Before hydrothermal treatment
After hydrothermal treatment

4 5

' s 1 2 3
5 10 15 20 25 30 28/(%)
26/(%)
11 KHALHEFTF MCM-48 f§ XRD [ ¥
&l A RE H 2 3 F ARSI
10 Za Bl E Py XRD Eil Fig. 11 XRD patterns of MCM-48 before and

Fig. 10 XRD patterns of NaY/MCM-48 after hydrothermal treatment

LM Bon, &6 MK FLEE 2l b £l MCM-48 #yfLEEJE (& H:dh Al MCM-48
e SRS, FLEE, FL2. FLA LK BET R B AUE L WL 1), B L HK#8
P T Al L MCM-48 23 10 . W] Wl FE A - Sl L A2 & 4 db 6 v AL 30 20 B /K RV
PERR BER W0 A R H P AP e R FL 454, JE RO 55 TAbh, DA 48 e 1 8 A 1y 7K 4
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&1 EE# @m0 MCM-48 S HLILEK
Table 1 Comparison of NaY/MCM-48 and MCM-48

Samples 260(211) do1i/nm  ag/nm  Pore diameter/nm  h/nm  Sprr/m?-g’
NaY/MCM-48 2.5° 3.53 8.65 3.16 1.22 1128
MCM-48 2.66° 3.32 8.13 3.36 0.95 1527

Calculation formula for pore wall: < h >= (a/3.092) — (Dy,/2), in which Dy, is the average pore diameter
4 4

i 3 ) MCM-48 BEJE AL NaY #4789 77, & M NaY/MCM-48 & & 70 1.
XRD . IR. SEM. TEM, TPD XK No W FiJid B 0 A #R 2R B, & ORE i o B & A MCM-48
B fLEE M X &R Y Bl T B AL &, & UM i 8 NaY/MCOM-48 & 549> T+ TPD
FIERH, EEERERNRTRYE LA MCM-48 (R VLI B4R, MM Z. 1o, &
BTG L MCM-48 70 T-ffi A b, KRG EEW BE . B, #HAZES T
it NaY/MCM-48 RV ok 1 St FL 0 70 B FH o A v ply T AL AR SR/ s R B R PR A, DT ARk
P L T 0 B MBS AUK AR MR 2 A B e, TR 3] 3 g R 3 A, & i —FF
S IS PRI B89 1 55 bR
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Synthesis and Characterization of NaY/MCM-48 Composite

Molecular Sieve

LI Yong-Xin!, ZHANG Yan-Hua?, XUE Bing!

(1. Department of Chemical Engineering, Jiangsu Polytechnic University, Changzhou 213016, China; 2.
School of Material Science and Engineering, Tianjin University, Tianjin 300072, China)

Abstract: A new material NaY/MCM-48 composite molecular sieve was prepared with NaY-
zeolite as the inner core. The synthesized composite sample was characterized by XRD; SEM,
TEM, IR, Ny adsorption/desorption method and TPD. In addition, it’s hydrothermal stability
was studied. The results show that the composite material has the properties of both mesoporous
MCM-48 and the microporous NaY. The composite molecular sieve has thicker pore wall, larger
pore size, stronger acid strength and higher hydrothermal stability than pure mesoporous molecular
sieve MCM-48. The DFT pore diameter is mainly located at 1.2nm and 3.2nm.

Key words NaY/MCM-48 composite molecular sieve; pore wall; pore size; hydrothermal stabil-

ity; acid strength



