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Abstract: Micro- microporous composite zeolites with binary (or more) structures not only possess the
advantages of the two kinds of molecular sieves, but also tailor the pore structure and acid property of the
composite samples. These changes induce the formation of special properties of the composites and further
present special catalytic performance, which drives many research studies. Based on synthetic methods and
micro-structural features, micro-microporous composites can mainly be divided into two types: intergrowth or
co-existence composite zeolites. The former has a structural rearrangement that is produced by the stacking
of distinct layers and leads to the generation of a new crystal structure. The latter is formed by staggered growth
and has a compound interface when two or more zeolites appeared in the same gel system. Compared with
the intergrowth zeolites, the co-existence zeolites do not possess the new and perfect crystal structure. This
review summarizes the development of micro-microporous composites, focusing on their synthesis and structural
characteristics as well as the application of intergrowth and co-existence composite zeolites in the field of
catalytic reactions.

Key Words: Zeolite; Micro-microporous composite zeolite; Intergrowth zeolite; Co-existence zeolite;
Catalytic application

Received: December 22, 2015; Revised: February 29, 2016; Published on Web: March 1, 2016.

*Corresponding author. Email: gongyj@cup.edu.cn; Tel: +86-10-89733066.

The project was supported by the State Key Development Program for Basic Research of China (2012CB215002), National Natural Science
Foundation of China (21176255, 21276278), and Project of China National Petroleum Corporation (2014A-2111 ).

] 5% A S BE AT 7% T RI(2012CB215002), [ 58 H 48T 2534521176255, 21276278) S i [ v 4 2 B 1 H (2014A-2111) % Bl

© Editorial office of Acta Physico-Chimica Sinica



1106 Acta Phys. -Chim. Sin. 2016

Vol.32

1 31 B

50 B MR AL AR R, I N
FAT-WRBH o 49 B S A AT T 46 2 560 4
TR BT DL E R o A BB T R F AR 4 B T
Papk, b A R AR 4y BT 3 B 1 TO, (T = Si,
Al P25)i i 3L B4 5 T4 R £ TO R (R VR S5 1
BT), T T PR B4 B 7T U VR 2 4 ) B T s i
MR R R . —Fh 4 TR B AR R4
BT, T AR R0 98 20 B 7T A AT B T R AS (] 98 41 45
P2 T o 4 07 B3 P i) J 77 28045 6 7 T
AR BT R E RRES . B, R
b, FEERILR S T SRR AR ARSI
S TR0 B R o AR R R R S R
R4 T A, Rt T a0 Tmm e,
BETT B T 40 T0% 0 P

A543 T 7 308 A o R e DA 3 T
W2 R S k. ELE B R
S R, SO S R 1 5 R A A
WP, A AL S oh 26 3 A R (6] T 4l AR 4 T
(AT 1 10 0 2800 VR Wk 0 S 2P B R AL -1
LEEN TR, HAFBIRKEREA, &
5 00 K R s i LA % R R A IR T A R 4
fe, AT R TP BEVE I3 w, 7E A AL T
S 4 e 22 U S TS £ 8RR

S, AR MIL-ALE & 2 T % E
o5 YA K 5E 3L, TR TE 2 R “ 52 & (compos-
ite)” M5 CHFTAAMOBL . KR SR R

NI B, 1990 4F4E, o [E A K
2 (A6 50 b 2 TR 2 B il B S
Ao EEFH T R MAL- AL E
G TG RN, 2
5THEZRITZTWE “AimiHss s
JE A AL A AT BRI A7) R
W5t

B KWK, 1987 A, R E AR
AR s TR 2 L5
Ao FEWTRTTRNHIMRE S ST
IR E . AR, &
HTHEZIB3IH. EEKHRESE
B DL SR S v RI 1T H PR
G

B, AL-MALE & 0 PR g X E EE W
Tifr, eI P A (B0 22 Ay 20 9 () I R B 23 B TT H
T 7 XA [R] 51 2 5 J2 10 7 A A3 — Bl 1 58
BRGNS — MR R EZ RS TR R
Gl IR B IR A SRS, A B A
A Bk, AT, MAL-ILE &9 1 E
Eul LAEY NS 2L 5 (intergrowth) 73 11, B
PR (EY 22 ) 23 7 i Ak B T TR) BS0RH 3 JE BR RS2
BT ) 2 B ECRT R AR A T TR BT ) A A SRR
(co-existence) 7> i, PR Z P4 Ui BT AH
X F1% ] % B 2% T P Ak 38 77 TR B I B AT R AT A A
AN =Rt N N SR P s N A S
-9 1R 25 RA RU A B AR SO - P FL B A o T AT

VRN 73 IRERIR

2 HEHFIF

FH T R s 23 B2 7 1) J2 4 B0ES  HE 210 T T ik
— B () 58 B A G5 4 2 L o) O ) EE R
R IR PR R BES 7 HE S — M AR AR A AR ) TG R
B B G2 ), BRI BR 5 20N (R (B T 6 PR B
HOL X FR) R AR, B T v 76 I G BR B2 BT
KA, HIFERA RN Bk, R
WRAEME AR, s FimeTdE—20 M
Bl (1) 2 2 (polytypism) 3L & 7> 1 i I Fh(BL 2
iR IE R A KR, 3 EBR R B e R R AL
KA 401 MF/MEL”. MTT/TON® A1 FAU/EMT?
s, s HES 0 SSZ-33" . ETS-10" 1 Beta™ 4% ;

FEZ, 1966 FA4, 1982 Ak
TR 2E &R, 2001 18 15
T E R B L P AR R A S A A
Frs 2003 4F Hf (B B2 Be A 2 7 i
e AR E AR AR
1 TAREERE, B v ) 5K s
oz, o EA RS AT 2 5 (CNPC) f#E AL A3
SIS E AL, M. EENES TR R
AT A i ROV 45 #4  AE % AE A i I 1
A AL AL TR B A i R B 7L 2
Je AR H [ 5K SRR AR R LRI (973) R . [
FEARFFERS . BB SETR B bR A
H, AP EAM. phieT B 55 H RO
H, SREMEREH D21, EENIMNE 4TI
RFEWIL100 R4 HiERKHLF 10 RIT.



No.5 FNI %55

LT AL B 500 R G5 R RFAIE B S

1107

(2) HME (epitaxy)FL it 70 T . = HE SRS R ARSI A
A7 AE T W0 B A 22 53 4k il FAU@EMT®. CAN@
SOD“ M ETS-4@ETS-10*, TifEdE FmAL & E ik
To PR oy B e RE AR R AR HE A o H T PR A
R SRR BT AR EE R, Rk, BT ST
A — M EA SR RREHNE G R,
P et A (T FAU A0 EMT) BT 78 a7 RECS i)
BN A ] B T B [ 28 B 3L o 45 1 0 1) P A
(FAU/EMT 1 FAU@EMT). FrbL, L85 5 70 1
b R EE R BLRR — oy IR B N % o AN T HLOR
AREE R, A TR A M A R EX
2R AT 5 (XRD) L5 AE I ) 58 AL A/BE R >,
43 305 S H T B B (HRTEM) T i % % S0 1 22
HE A A1 3%k X 17 59 (SAED) H i B B0 % 1
. FARYE XRD. HRTEM LA f SAED 25 £ AE 7
AT DU g i 1t xoF 3 s 231 07 1) 45 4 2R B AT
Iy WA . Willhammar F1 Zou™ 3z i HL 1§ 4 27
FUX S LR AT S B T A VEM N 238 T 3 A o 1
TR R AR RS 2 B T HEPI IR

21 ZRHERHS T
2.1.1 MFI/MEL % & & & 4T &
MFI/MEL 72— 28 #L Y ) 2 B 3L S 4y 70 .

o MFL L F5 5 Rl 2B B 22 O FLiE 450, — Rl i
[001] 77 [F] {1 5% L&, 4L E 4% 0.54 nm x 0.56
nm, 5—FEIF010]7 R E@ELE, HAOHE
% 0.51 nm x 0.54 nm. MEL JlI| £, 4% % Ff 2 B3¢ X
P EESLE, fLHOEAIN0.53 nm x 0.54 nm”,
MFI 5 MEL W Ff 4y -1 5 H A AH 8] 1 6 IR BR 43 5
TG, BV EH A S R R A T ER AL R R
(19 W J2 £ R [ 100] 5 ), AL SR AR T i s
[ . % T MFLZEH 73 0, FOAH AR I 2 5 o Xt

AL 18 4k

FR(El 1a), TERC=4E8 384540, 1% T MEL &
s, FLAHAR Y0 LA TH A DG (B 1b) 0 X P oy
BIuARE, XFR T AN [F I G A 15 N R TR R
b FE 2% G DR R e BR 5 X SR T AT R A A
E4E, T K B MFI/MEL % %84 3£ 5 20 77 (] 1)
NEEHIREAUIED) o

1980 4, Mobil 41l A F] 25 — X i 1& T MFI/
MEL £ 83t Gy TG s 25, &Lmr T
AR R, AR ] T AN R AR R
fil AT 212, MFIMEL 3% & 43 - 07 09 & B 77 7 B W
BELHR (TPA*/TBA ™) 4% il & A > 48 1h 31 B A5 AR 25
(TBAYEG K", irK, ZhangZE* g 7 LAl H
MUREAR 725 A i MFUMEL 2 84 38 5 4y 70, IF HKR
DLTE I & Btk R, BB VR ISR BT & B AH 1) 40 A%
MK . R /D B B SIS 1) B R B R A AN LA
R EETT LA& Bz L dh e T . Bl 2d & MFI/MEL
L4 T 0% (R BE)XRD B, B B A MFT &
MEL L BURFEUE SN, A7 7ERRIEVE I FE AL IR
2l AH 5 2L 23 1 0 COUBEARGE ) I 43 41 H 1 Sl Tl e
(SEM) (B 2(a—c)) & B, 3 757 07 iR F HEAR
5 e BH S X ) T Al AH 4 05, {H TGV WS A O
HIFLIEZE R L R IR, RIETFHAE T & 70 H%
3% 5 BT B AU (HRTEM) AT (X H 747 5 (SAED)
L RAET B . K 2e Y MFUMEL 3t & 43 19 ft) HR-
TEM B ", A5 b A 8 [010] 4 w5 4l ¥ SAED K .
B 2 B RE ST [100] 77 1) F= AR T8k, X R B
FE TR 7 W B SR S5 R A 2 R R . F
FR, AFE T4 510, AT & A H A 1
MFI/MEL 3t & 43 ¥ §ifi 31 47 75 B 2 0018 #UH I %
K — DR B IL 2T I i R S5 0 2 A A R T4l
MRES, HEHE AR SR, ik, 454 SEM. HR-

O

1 BAESFTH

BREMTEE"

Fig.1 Structure projections of zeolites™
(a) MFI along [010]; (b) MEL along [010]; (c) MFI/MEL intergrowth along [010]
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Fig.2 Scanning electron microscopy (SEM) images (a—c), X-ray diffraction (XRD) pattern (d), and

high resolution transmission electron microscopy (HRTEM) images (e, f) of zeolites™
(a) MFI; (b) MEL; (c) MFI/MEL; (d) MFI/MEL; (¢) MFI/MEL; (f) MFI; 1 A =0.1 nm
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Fig.3 A hypothetical structural domain (a) and HRTEM image (b) of MTT/TON intergrowth zeolite’
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Fig.4 Schematic of the basic structure units (a) and three polymorphisms layers (b) in zeolite Beta™
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Fig.5 Structure models the structures of two end members and HRTEM image of ETS-10"
(a) polymorph A (ABAB stacking); (b) polymorph B (ABCD stacking); (¢c) HRTEM image of ETS-10.
The corresponding ED pattern is inserted at the bottom right of the figure.
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Fig.6 Structural characterization of the FAU-on-EMT overgrowth materia
(a) SEM picture; (b) HREM image; (c) magnification of the edges of HREM image; (d) SAED pattern taken along the [0001] EMT zone axis
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Fig.7 A model of heteroepitaxial growth of cancrinite on sodalite (a) and a composite view (b) *
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Fig.9 SEM images of MOR®MFI core-shell co-existence zeolite ™
(a) MOR@®)Silicalite-1 core-shell material; (b) Silicalite-1 shell grown on the surface of MOR;
(c) MOR@®Silicalite-1 core-shell material where the integrity of the shell is interrupted after gentle grinding; (d) interrupted shell
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Table 1 Catalytic performance of micro-microporous composite zeolites on the different reaction conditions

Sample

Reaction

Reaction conditions

Main products

Ref.

7°C  p/MPa WHSV/h™ Yield or Selectivity Value/%
MFI/MEL benzene alkylation 370 0.7 1.0 S(ethylbenzene) 91.5 37
MFI methanol to propylene 450 - - S(propylene) 27.2 107
MFI/MEL 46.9
Pt/TON hydroisomerization of 320 8 1.0 (LHSV) Y(iso-dodecane) ~63.6 108
PYMTT n-dodecane ~56.3
Pt/MTT/TON 68.3
MCM-22 LPG aromatization 400 0.5 2.0 S(aromatics) 65.2 95
ZSM-35 67.7
MCM-22&ZSM-35 24.5
Beta 2-butylene cracking 490 0.1 1.0 S(propylene) 12.1% (w) 99
SAPO-11 21.4% (w)
SAPO-11 + Beta 23.1% (w)
SAPO-11&Beta 40.2% (w)
ZSM-5 + SAPO-11  gasoline hydroupgrading 370 2 2.0 (LHSV) Y(i-paraffins) 40.2% (¢9) 100
ZSM-5&SAPO-11 45.3% (¢)
Y + Beta VGO hydrocracking 385 15.7 1.5 Y(middle distillate) 50.1 109
Y &Beta 58.4
ZSM-5 cracking of mixed C, 575 0.1 - Y(Cy +C3) 333 110
ZSM-5&ZSM-57 40.9
ZSM-5 + AIPO.-5 heavy oil cracking 500 - 184 e - G) 66.1
ZSM-5®AIPO,-5 70.7 i

“w__»

~"" stands for the values estimated from the curves, “A + B” stands for the mechanical mixed samples of A and B. WHSV: weight hourly space velocity
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NP7 AR R R 248 R IR B R, I LA R
7= RN R S A R L PR . 12% FAU/
88% EMT £ Y3k g 73 70 | 1,2,4- = FH LIRS
5 Z B IRAIAR R ORISR A Y, TS SRR T
i o FAU & 38 0 28 50% 0, H=9d 1,2,4-=H
B A B L B IR AAR O RS . T
S T BT AR K A5 77, FAU/EMT 3t
i 73 07 P A T B R ) ) A A R B 1
i 73 ¥ 0 b Al A 43— i B A B OROR ST i) s Bl L TE
gER, T ELBE A 3 5 43 0 R PR R A B A i AR
th, HFLEgmte RAEB, ERHTXMn
I 45 A0 1 2508 5 B0 S B 43 O LA A 1 R A
erERE 2. Rk, 2203k 540 -0 0 & B o] LAFE
— B FRJE LA TR FLIE S5 R, 3k T S e L
b B B o

XFF LA g TSR U, PR TR AR S A
FE A& T A AL X, fE— R E Lol
T TR AR . FLIE S5 R P R A e AR
T XF 43 F 0 R 0 K oy 2 A5 M RE 7 A B R
m e, i H, S3EAFIRARL, AT
PR TRIE, N R E N 2.

MCM-22&ZSM-35 & — i it B [y 2 B 3L 4 43
T, NiuZE KK PGES B T R [H & B )
LAy 0, i L AR ORI R I R R S P
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WORA RS AR KX A, ZSM-35 & &8 55% (w)
(¥4 A2 2y 70 BET 2R T A LU AH [R] & = M LR &
FEfb 725 m* - g ' (405.8 m* - g~ ' vs 333.3 m’ -
g e W LPG 75 ML MM RE R B, MCM-22
53 2 I A GH G 1 1R O R IR 1 (64.25%), T
ZSM-35 o5 ik e U 24.58% . BEEHE LA T
Jiit ZSM-35 S I N,  FE 0T I g B R IR
FEAK, (HAR2, MZSM-35% 8 N 20%H0), %L
TR BLH th MCM-22 B8 15 1) 05 JR e B 1% (67.76%
(W) vs 65.24% (w)), X T2 ZEIE o Az 4377 b 7 ol
i AH B R A FH 3 R

MREEREE W5 T ZSM-5&Y % B3t A= 03 10
T FCATUbR TR &5 B 5 75 K D U8 0685 9ok 11 1 A 244k
IR . BFFR, 5AHFAE S 2R & R
L= IS AR5 e S e i = R S = B Sz 5
Weld U A, ARV R A e, —
J5 T A2 T LA 41 i ZSM-5 ARFLAR B, FR
il 7 SCEERR IS . SR R T N Y 4 O
FLEHATR: TS F it ZSM-5 5
Y U R AR AL, A3 AR T (1 BE B AU & 55
TR KRG/, FLAETE T, AT 5 A R T
BUNKR M o T a0 2440, BRI T Ko 7 kA
G R N i WP T SRz 9 X (38
LPG 7= UG B USCR B N 1m0 HL, %A & B w5
TR T ZSM-5&Y 2 BUILAE S 7 At
RE M S MR, FEAH R K AL B 264, 1%t
AR AT R A I HE BB VR A AR s R A A 2R
1 BiTERE

FE3.13 R, B T WMAERE 0%, T
o F 07 5 B R 1 0 LA KRR R 2 O S R
-0 AT [E A ] DA AR o Zhang 5 i I K $k
it& T SAPO-11&Beta £ B 3L 4y Fifi . AN
F ol AR U IR B S, 1% 2 R AR 4 PR E 895
1942 cm A HILHT RO LL MRS, T HAEXS T AL
PR G FE N, LA 73 1 0 (0 £0 AR Bl e [F] A AR
TR RN, X REERE, MRiZIE
A5y F- 0 R P A S A (SAPO-11 A1 Beta) [ 1 22 45 1)
KA &S, 0 H R T B0 2L
fiz. P MAS NMR i & B, ZILARETE—18.2
HILHT B 5 06, R B ILAE 43 7 0 A7 75 8 1 B I
REIRBE P(ALO,), (n < 4). IXFhHT I Bl B A AN e 437
PRI H P B 530 T SAPO-11&Beta £ B3t A4 7y
T 7 2 I H MU 5 FF i B 1 1) B R 2% FE A B/L

FRLG, T HAE 2- T IR S, 3L A4 T
LR L B 40.2%, 43 ) HCAH R R B 26 R
] Betas SAPO-11 LA S ML IR & #F i =1 18.8% -
28 1% 17.1%. [Rlth, A 550 i A4 4 [R5 ]
DA 0 8 3% 23— 97 RO RR 14 5 A A 1

FAh, fEEM PR R B, T ZSM-
57 FImALAREN, I OR 2 TR MEY T HGHE N
F| ZSM-5 43 T FLa h L 3l T v A R BRI
SRR 2 B W ZSM-5 R I #] AIPO,-5
AR R, RINE R T ZSM-5®AIPO.-5 1% 57t 3%
TR AAMEEIRY, Zixrit b T
732 cm AL H LB IR BN, %08 )E T AIPO.-5
H7SM-5 34 5, AIPO.-5 i (55 08 B ) Fk A 4
PR KA AP . PP MAS NMR i &t %
B, &A% 5e 3R oy TR 6 = 18.66 &b H BT 15
SU&, HJET PAL (n < HIME S04, XL RIR
B, Az 5e 3 A 4y 7 i 5 R LR TR & FF AR A
il EBREZE . 74, BT AIPOL-S 4> i A
AR, Wbz n FimasfH T 5%
R4y 0 55 BR ML B A, AR AR Ll KBS T AE
FEE R ERN, Wit — B E 5
TRt — 20 b, bR S T EM L,
AR, T E MR R N, et
3~ 0t LU LB TR G B i 42 B HS B vy %) Ji el e 1 26
AR 2 e VR Sl

R bRk, St Tk e A1
i, WAL-ALE & i @ e — @ A L
X3 < 0 AR P L TE P JoORT R 14 5T AR AR, I
TE AR 2 SO H 340 3% B L 4l R e WU TR & A o B
s HEAL R LR RE, T FLBIURE 1) 25 74 R 1 B
B EZON, (ESMAL-MALE Ao T AA B
L B FEAN (B RR S HIT 5

5 FRE5RE

dh o 70 5 3 1 P AN R R AR
KBIL-MALRE &0 7. —E RS S 4
FERFAE AT AL XA AR, B i PR AR
) i 1 52 5 DU JL A A M TR BE R & R ZE AN A AR
FERIARAL . IRt T R A 45K 23 10 BAT SRR (1
fif VA% 5 A B LT 45 ) Ao EL A M A S b T R R B
H A R PAR B R REONE L SIS, AT R
Rk S NVERE, AEMRIR 20 B R AL S5 4
ATV R L A5



No.5

PIIRER S PUAL-TILE & 20 7 0 (K 45 F R AR S B

1119

L5 7 197 R 3L A 7y 1 0 B S RS GRAE B
HTRKIHERE, XA F S B bRt il %
i R, & H R MAL-TILE A 5 1,
AR FL AR R RS R AR AT 22 24 A9 70 1 B A
—J7 10, WAL E Ao T B R H A2 R
B — AR AL « OB TRV DA B P A B A AR 7
R, FA B E ST AE T o eT B 4 R A ) AH 1
FhIS L FHLH R L) R R T e g 4, SR G AR IR
B0 IR AE B RO RE Al R IR 97 0 A6 ) 1Y
Wi A8 R AN o Bl AL-Tl AL IR & 20 1 7 6 B 5%
BT T 6 A0 SRR A AR R 45 A 1) R DL v
JRASEAR 1) 2 Ta) AH B 52 LA K ¥ v AR A B A R A
mn A SR AR, EAEHL TR FNRE A0 TR S
RO, T T 1) B B 2% SE BN B2 & 431 Ui A
FREFIAA LB T35 G el 2 R KR E A0 T
i BN B ik . 53— J7 I, 45 & XRD. SEM,
TEM. IR. NMR R F B 3L g 7 10 S R A=
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IEWZ IR G5 W 6 53 1 Vi 0 46 4 DL S & RO BR AR
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b, 8 B TR Bl P w8y i A% 1 A% FE BIF 9 5 T 1 485
PRV ) A1k, 5 Bl Xe NMR ' Xe JR T 152
ok B S5 TR AT LA MR AL, (EBE BT
AT 5 2B BUR (ADT) A e % FL 1117 56 (RED) 55 = 4k
HL AT BRI 2 & IR S i A, A
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T T B 1) 22 G 45 KA R AE AT SRAE #0R 2 KK
NG T I I R ANF o

Zaa 2 S C R DO LN s D AR S RS
5E 20 O i EE I I B2 5 20 T, AR LA AR
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