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n(Si0,) : n(H,0) = (0.56~1.5) : (0.25~0.50) :
12 (80~100) A4 5 i) ot EL AR VRS JEURH I A 21 2R oy
BOMmNR IBETER R, FEEMAIGRE Y 25
Py 5, R B AR (5T i 4%k 98% ) I pH =
13.5~14, Pt 2~4 h, SRIGHRA I NATCA
AFEW NS, BB, B FEEMA TS, mikE
90 Cimfk 16~32 h, B8] Y 43 it REH Y
G e . A B TRV E DM, 100 C
TS Y 430,
1.2.2 MCM-41/Y 55 FIBa . 1) dfhik.
B T Y 7310, F 20% ~25% (it 43
%0 CTAB T PP —E B, BRI, id
KA 2) YRR R om (Y TR )/
m (R Z) (R R Y 2 Pk, 28 B.
%18 n(Na,0) : n(CTAB) : n(Si0,) : n(H,0)=
(0.10~0.15) : (0.12~0.0.18) : 1 : (60~100) ¥ i
) AR OO S8 BB . CTAB ., 1B | EBE 1K
REHA], 80 CHHIRNIFE 2~4 h, JEAL MCM-41 ¥
JBE. K MCM-41 R BRAA 7 e 2212 I A 21 439l %6 A
B WZsde, 80 CHiHkE BHEEMOIRA, FIFR AR I
T pH = 10~ 11. 4RZediit 1~2 h J5 | B Pkt
KU B NIZE, 100 C itk 2~5 d, RIF¥H™
Yk . B FKvER E B, 100 € TR,
JIE Samples A F1 Samples B.

1.3 5 FinIRAE

XRD R HFH 2R 75 A A8 A7 BR A & 9 DX-2700
R X SHRATHHN, Cu Ko HT2R, 45 40 kV, B
Wit 30 mA, FHEERE 5°~35°, HHHEAEK 8°/min, #
£ 0.02¢.

A T B (SEM) 43 HT7E TSM-1 %1 47
.

BEHTH F BB (TEM) 43 HT 78 JEOL GG314-
JEM-2100F %! | $145%.

NZWW-EE‘EW%‘F LAEE Micromeritics 2\ H)
1) TriStar 11 3020 4= [ 2l Lt 2% 1R R FL AR 43 A I
1. s3Fiis 250 CHA WA 12 h, 78 196 C
S N W B 50 BT 45 TR
14 £RENITE

FH XRD B AT 80 Jade6.5 Ab BRECHE 5345
RREENY . B REE (%) = (ZA/ (Z A+ A)X
100%) , 3 A, F/R -1 b 28 FAT 55 £ B8 10 16 PN 4,
R AR &5 A s o A TR, AAS A A G it BE A il
2, B3 F it i 2 i B ih 4k 1.

2 HR5®

2.1 XRD HJFRAE
K1/ Y 43 Ffii . MCM-41, Samples A Fl Sam-
ples B 4 XRD %K. HE 1(a) 7] LAF ), Samples
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E ~
A 3
~ 3
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w :}
5 5 MCM-41
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Fig.1 XRD patterns of different zeolites

A F1 Samples B 7E 260 = 6.2°, 10.1°, 17.6°, 18.6°Fl
20.3° % AL EL Y MRRIERT SIS A Y 4
T kA t, Samples A Fl Samples B FESLTE 17° ~25°
R Sk U SRR Y ST R EATT ST

B B I AAIG. 76 20 = 5° ~35° (YL N, AR SC
K[ 14 3B P25 fREE T H3 %, 19 Samples A Al
Samples B H1 Y 439 1) 45 & B 433l 24 73.09% il
71.20%; 7E 20 =1.5° ~5.0° WK A BE AT S X,



5 430

T . HAE 29I MCM-41/Y B4 F & m % F=1E 327

MCM-41, Samples A 1 Samples B A4RFAEAT S5 (
1(b)), AMUEH, EEHEMENILK B
MCM-41 FYHRF AR A 5 0, L AT S g g A R 456, 7
20 =2°7 47 (EhTH 100 ) Ah UG ()3 B W 1] 15 £ 7 1] Al
B, X BESE MCM-41 FREE R RIS Y WA
T Y DY B A7 AR B Si-O-T (T i Si 8¢ Al) 464,
fdif3 MCM-41 S st . g ERrdk, PishorEa
BUARE S BB Y 40 0 A MCM-41 19 48 AT 5

20 nm

Mg, HIoe, UG T Y/MCM-41 B &4
F-1.
2.2 FESAFIE ST

ANTR Y A ZR 0 55 03T IR 3 257 A 5
e, AT RE SR ER R, MR T HIE
PUREAE, W2 Y 430 . MCM-41, Samples A
il Samples B ) SEM , TEM Z5#) 70 H71 . I 2(A)

HRT LU Y 0 O S50 A A 1 PR 8 T A

e v 8

B2 (A) Y, (B) MCM-4, (C) Samples A, (D) Samples B & HUFES Y SEM &5 (C1, C2) RIRICRATE
Samples A FI(D1, D3; D2, D4) AFEGHKAEELE) Samples B Z A F 54 TEM [&]
Fig.2 SEM images of (A) Y, (B) MCM-41, (C) Samples A; (D) Samples B. TEM images of Samples
A (C1) low and (C2) high magnification, Samples B (D1, D3) low and (D2, D4) high magnification

A URL, U [R)RR BE RAE, AORL R I A AE D
B, SRLRST 2 1.0 wum; MCM-41 JE 571 5 /3 22 1
RAR(E 2(B) ) 5 RHA TS R E G FE 5 Sam-
ples A(E12(C)), HZURIY MCM-41 ¥ Y 43 F 1
SRR EAR, WFESLAY TEM B (2C1) HrT LI
WEE, HMFERFNEER, 48 14 mR
NI A Y 530 iR A 100 ~ 150 nm
) MCM-41 EL 3 )2, X AN AL )2 a3 i R an 4]
2(C2) iz, AT B HESI 35— Jp i B AfLIE, X
SO LB TR R TR TS PR RIVE T oA v i 4
FRWRMETHEAT, AR FREEHRE Y 557k
FE [ HEFE U, 15 MCM-41 43 FIf7E Y 40 F
IR MIE RIS AR B 2(D) R 9K
kA U A HRE Samples B, i i SEM WL£<F)

FESAETEP AL S, — Rl Y 40707 9 58 50 175 B
AU, MCM-41 1T 3 A 2R 5% A8 S B2 R 50
nm ZE A7 AR IR, YR Y Ah3 mibfh A 4 (gl
2D1); B —F R B — MCM-41 gk
WURIAE Y T A% R 1 5 4 1 425 (nIEl 2D3) , X3
WA L 54 T Y F0 MCM-41 75 A1 J& 78 A1
AR R SR A K. AN, MEE AL B TEM
(2D1) R AT LA R, ARG SR HY MCM-41 442K
WORIFE Y S Fim R m bt AE, B2k 50 nm,
TEY SO M A Ay, nTRER Y 4 0 A 4K
R RS RITTEREE R S IER TS Y
Sy T AR B S A AR S — 20 B R HEA T
KE2(D2)), AIMELEHES Y —H 3 1Y A2
FLIE, PIRESE PR AR AHAEAH B384 NIRRT WA
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[EASHES). N TEM [ 2(D3) Hrid if DLW £ 5] MCM-
41 R IBORLTE Y f b A I 2 1T H 3R E ST R,
TR (E 2(D4) ) #2000, 4K kL 1E Sy
B — B ALES Y, #HEW AT BREAE S R ATIK T Y 43
TR EE T, EREHEERIES T, B

(a)

Quantity adsorbed/(cm*/g STP)

1 1
0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure(P/P,)

BRI, F BRI UIE 377 1A SR A R
2.3 LB

B3 0 Y 73T AN A o1 4 N, W/ B Bk
LRIl 153 (a) A N, W B0 B 45 i 2, 7T
LA, 20Y 73 70 o 1 BUW R th 2k Js T 8 84 1y

(b)

dV/dD Pore volume/(cm?3.g-'.nm-")

2 3 4 5 6 7 8 9 10

Pore diameter /nm

P 3 310 59 N, e/ Ry BT it 2 AL A% 231 151
Fig.3 Nitrogen adsorption/desorption isotherm and pore size distribution of zeolites

(a. Y; b. Samples A; c. SamplesB; d. MCM-41)

TFLAA R AR ™ MCM-41 430 A IV A4
LA R B AR AL Z R, BT iiE T
SR AR A IV IR0 Wi B pil 2 LA 5 0 [l i 3R
M RAEAREAE T, Bk, XuE &
Gy SR LA, TERGE Y p/po X, Ny or
T B4EER IS, WM B FE p/p, 103 2R3
hn, 78 p/po KT 0.5 BFUCBE e H 8 Lo, il T
BRI EH, XRNE G0 Fih BARM, 4L
ZRFLELEH. NE 3 (a) BT LIE H, T p/p, =
0.3~0.4 yE[IN, Samples B £ 5 A7 7E 5 =5 B9 B IR,
XKW Samples B 14L& i 4 Samples A AT

e, HAEAIX R p/py>0.9 B}, Samples A g 5k
HHZEIA R 3, B Samples A & & 5 F i - 7E
A R HERR A B AR B R SFLFLIE. i BJH 7Tt
HRW, 2800 T iAW 2 a A fLALAR o A
(EI3(b)), DU MR G T B B Lo
ABNAL Y T 0, 58T Y/MCM-41 & 45 7%
T

HIZR 1 R TN, SR AR i G JORE it 1)
FERIEALN 665.1 m* - g7, MFLAEHN 0.6438 cm’ -
oty UKL TR A URE 1 LE 3R T AR A B 849.3
m’ - g71 , BFLAE M 0.6529 cm’ - gfl. 545 Y 1

&1 SFHEHRNILERSE

Table 1 Pore structure parameters of different zeolite samples

aSB]‘:T/ ')Sllli(‘/ hSmUSU/ ‘ VIU(HI/ b V"Ii(trtl/ ('D nnnnn /
Samples s
(m® - g") (m® -+ g™") (m* - g" (em® - g™") (em’ - g™) nm

a 379.2 335.2 44.0 0.2961 0.1729 2.673

b 1194.3 - 1194.3 1.2284 - 4.114

c 665.1 262.7 402.4 0.6438 0.1274 3.872

d 849.3 322.4 526.9 0.6529 0.1585 3.075

a. BET metherd; b. t-Plot metherd; c. Volume adsorbed at P/Po = 0.983
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L, & R m UMLK, Horp ) gk
DA B A P LR TBUG R 2.4 (544, k3%
Ji DR A AT 2 DR A 4 K2 i AR 2R v AT R A AE P
A FRE X FE, @i TEM 7T LU e — 2 i i
(G 2(D1) FE 2(D3) 7R ) . RN G iUN &

(a)

Intensity / (a.u.)
é -

Intensity / (a.u.)

1 1 Il 1

5 10 15 20 25 30 35
20/(°)

B4y PR B b T RRURD B L5 B 3 1
7, LIS FL W3 o 7 0 B A ) P [ AR
FH, TEAEAR SO H 22 80 O S Ak 1

2.4 SR ERIT

2.4.1 FhFhEE Kl 4 ATR] Y 4370 A b B Y

(b)

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
20/(°)

Kl 4 MCM-41/Y Z 553 F 0 i) XRD 75
Fig.4 XRD patterns of MCM-41/Y composite zeolite samples
m(Y zeolite) /m(system) : a: 29%; b: 43%; c: 52%; d: 61%
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4.3° 22 A7 WA R AT SR W0 O T 95 24 Y 4311
B ARSI, Y 4> ORI AT S g s, 0
MCM-41 43 F-i 16 20 = 2° /2 47 A7 S 06 ik 18 1411 55
TE 20=3° ~ 5° ZE A7 P AN IRRATT S 16 © 28 58 227
K, Yo F OBl w2, nl GE 9l A FLAH 1)
B .

zeta FLAVE(EL 55 15 8 1) 2% T Al FEL PR SO RIS 1 A
SRl T A G RE A zeta FAAYAESL, HF
— B S A T 4G A R R R R B A YRR Y
Oy TR R AN N A B MCM-41/Y 84 5 T 1
VL zeta BLOZHOINRE , AT ASE— B2 A 40 0
FIIE G R, /5 AR Y 43 Tk as i &
B MCM-41/Y 5 43 i 45 5 B F zeta L HLG
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T
=y
1
7
-

|
w
(8

428

Crystallirity/ %
N
)
T
Zeta electric potencial / mV

15

1 1 1 1 1 1 1 20
30 35 40 45 50 55 60

m (Y zeolite) / m(system)

Bl 5 MCM-41/Y 4593 TGt A 45 i JEE A zeta WA 1T 2
Fig.5 Relative crystallinity curve and zeta potential
curve of MCM-41/Y

a. relative crystallinity; b. zeta

Mgk, ETTA, 25 Y 50 B i & 29%
W, BENCHY zeta HLV H+21.36 mV, KEZAFAE, W
BEAEAE/D RN Y 43U A AR ) G 2 8 1) A FLAH B
Ar ARG R LSS BRI B Y SR
TR IS AR HE K, OB L6 FI GG & B S 1 R
P MY ST BRI NN 529% 0, 45 &b B
KEF 65.8% , zeta HLAIHE K F+34.37 mV. GELETR N
Y ST BB 61% T, zeta BLL T [ A +31.62
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mV, E MBS RS AT 1R, MCM-41 945
JEMEARAAR. it MCM-41/Y &4 T i sh & 5
zeta HLOT (AR, Wt — 00 2 &0 T i
TGS R A A B TER R T, Y 43 F O
FIAY Na™ 875 ke = H L4508 1 (CTAY) Bt
CTAB G Y 430 A A, s 9 10 7 1 PR T 8 20

(a)
uh', d
C
b

1 1 1 1 1
5 10 15 20 25 30 35
20/(°)

Intensity / (a.u.)

B, LY Z0F o dh R[] ) R T RE RS, AR T
MCM-41 g AHVT Y 2 Fifish R . 5 3CHk[ 23]
TR IE 45— 2.

2.4.2 YR AT B 6 ISR Y 2 i B
HAE M MCM-41/Y B4 4 F i1 XRD 3% &, Y 43
T BV ) o P a—d AR RIS I, Bl Y 43 0 BE

(b)
3
s
=
= d
w
=
2
=
C
b
a
1 1 1 e eI e —
1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
20/(°)

Kl 6 MCM-41/Y 54553 i i) XRD 1[5
Fig.6 XRD patterns of MCM-41/Y composite zeolite samples
m(Y precursor)/m(system) : a. 29%; b. 43%; c. 52%; d. 61%

R L, BAD TR Y 2070 BT ST 4R
WS, MCM-41 B REAE AT 56 06 S 3 5 s 0l 5. 24
m(Y 5 F B ) /m (KR ) = 29%BF, Y 431 (1)
FRAEAT S 0 5 A 55 (TR 6 (a) ), MCM-41 HYHRAE
W55 (K1 6(b) )5 4 m(Y 43R ) /m (14
F)= 43%F, Y Zp TR MCM-41 fRRE A i
JERIH R, BRI AR /b o 1 5 e E 2% ThT R 1)
YERF AT A FLAH; 25 m (Y 3 F iR ) /
m(RF) = 52% W, Y 43U 0 Re AE AT S 0 4 5
MCM-41 PYFFEAT ST 08 B TR B iR K, B AR
ANT RAFMEE R, SN Y RN, ek
MCM-41 Z3F i Y 43 0 22 1 r B di AR 2
m( YT ) /m (R R ) = 61%HEF, Y 430 (1)
FRMEAT ST I — A B 58 | MCM-41 FRAEAT 5 B i
B, A Y BTORIAR, X MCM-41 A FLAH B9 TE %,
R T —EAEE-. Fi, &8 MCM-41/Y &
B TR I A m (Y 23 IR ) /m (1
%)= 52%.

WIS LA AR AL, 2D R AR 2
XTSRRI, 7 RARIR] Y S F RN
B MCM-41/Y B4 430 45 5 BEF zeta HL 40

80 -24

-25
>
78+ =
® -26 =
= 76| S
2 27 §
= 2
< (=1
s 74 -28 2
z =
U 9
-29 2
T2+ s
-30 §

701 =
-31
68 1 1 1 1 1 1 1 _32

30 35 40 45 50 55 60
m (Y precursor) /m(system)

7 MCM-41/Y 54353 T Ui b BE A zeta vl 2]
Fig.7 Crystallinity curve and zeta potential curve of MCM-41/Y

a. crystallinity; b. zeta

Gk, BN zeta HALAYASFE TR, Y 43 F 0
HTBRIA Y zeta M —32.19 mV, fA a0 7% P 50 A
W2, m(Y 5T b)) /m (IR R ) FUAE R = 29% it
G zeta ZEAL ] -29.12 mV, K45 S E N
69.8%, W& Y 4r F i BRI 2 | zeta IR
A RN R TH Y 7R AT Js /N B BB 3Tl MCM-
41/Y BI45 e RIS AR K= 78%. 41
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MR E AT RESE . 76 m (Y 2 PO /m (K R) =
529, zeta 7E-29.12 mV £ AR, B THr%
TG HERAE Y 0 A% TR U IR R, MCM-41
A A% AE R G PERIME R N B4R Y m(Y
TR ) /m (KR ) =52%0F, Y 4> F i Fiwr 4
SERRITH 2, B RIETEERIE Y 27 Y
iR m AR, 5 —F 0 Y o TR ERR R Y
WIRLER TG, FEREE MR 0 S e T & A
PEBZAR, Y 53 F VIR 505 CTAB
SEIERAE ST A, F T T AR AN, A e
5 TEM (WK 2(D1) FE 2(D3) BizR ) Fis S 45
FA—E

3 &t

3.0 RHWHA IR T MCM-41/Y & A5 T,
DL oSkt = F LR AR 8% (CTAB) FiALBEEY Y 20 1
i A, R A A R MCM-41/Y B 557 F
T AR 3 DAY 0 BERCA RTIRAR, SR
YK EA T MCM-41/Y 54 bR R B 4
K ATE 413 A

3.2 MCM-41/Y B &4y Fifi i fLIE S 56 5 ik
AEHERLR, ZH LRMAHIET] 665.1 Fl 849.3
m’ - g7 BFLES N 0.6438 F10.6529 cm’ - g7,
S Y 0 b, H R i BRI 2R B K
Horpr, GoR A 2e  ORE i 1 L 2R TG R Sy
%, WK 24 15kEA.
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Synthesis and Characterization of a Multichanne Porous
MCM-41/Y Composite Zeolites

WANG Gai', YANG Dong-hua'*, BO Qiong', LI Yu-peng', HU Li', LI Xiao-feng, DOU Tao"*
(1. College of Chemistry and Chemical Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. CNPC Key Laboratory of Catalysis, College of Chemical Engineering, China University of
Petroleum-Beijing , Beijing 102249, China)

Abstract: MCM-41/Y composite zeolites were synthesized by crystal seed method and nano assembly method, and
their properties were characterized by means of powder XRD, SEM, TEM,BET and so on. The results showed that
the materials synthesized by crystal seed method were mainly based on the embedding type, and the materials syn-
thesized by the nano-assembly method were mainly based on the attached crystal growth and the self-assembly type.
Both of the two zeolites have micro-mesoporous multichannel porous structures, with the specific surface area of
665.1 and 849.3 m* * ¢, and the pore volume of 0.6438 and 0.6529 c¢m’ - g™, respectively, which increased
obviously compared with single Y zeolites. The specific surface area of the sample synthesized by nano-assembly
method increases more significantly, which is due to the difference of the surface charge and gathering mode of the
two synthetic systems’ particles.

Key words: multichannel porous; MCM-41/Y ; embedding type; attached crystal growth; surface charge



