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Research progress of synthesis and catalytic applications of
hierarchical molecular sieves

SONG Jing, ZHANG Jun-tao™ , SHEN Zhi-bing, LIANG Sheng-rong
(Research Center of Petroleum Processing & Petrochemicals, Xi’an Shiyou University, Xi’an 710065, China)

Abstract: The synthesis methods and catalytic applications of hierarchical molecular sieves in recent years have
been reviewed. Various synthesis approaches of hierarchical molecular sieves are introduced, including Top-down
approach and Bottom-up approach. Advantages and limitations of the different methods such as demetalization,
recrystallization , hard template, soft template , template-free, and so on, will also be addressed. Meanwhile, the catalytic
applications of the as-synthesized zeolites are discussed. The prospect of hierarchical molecular sieves is outlined in
the end.

Key words: hierarchical molecular sieves; hard template; soft template; diffusion; catalytic application

37 54 1
2017 4 B

Oy T B E B — LA L R A K R
PRI R PR O AT R SRR, TR AL A3 B
SELASURAA T Z R T TR AR R LR
KANAT A3 R AL A FLARRFL A 0 3 K. L
3 LA SR R R K PR P SRR R AR IR 1Y
PR PERE  (H A AE & LR B Y /R )
KA L, TR R BR 1 HAE K S Ak Sz h
RRE S o LA T EL A L 2 T AR TR o
K AR KR TE—E B Lol 1% By iR
il [A] R, (HHC R M 45 59 HoK vRase Mg 22, 804 T
bR AR T R . O T R bR R BT A
RIFRT 2R T, % T & 17 A FLFL
?L"%J%E’Jﬁnﬁfﬁ{ﬂaﬂsi hﬁﬂ?ﬁTTﬁ@E’J
RS . R, O ARE 9 2 P AL T B A
HFEBRZ B2 F AL 5 ALY AR R 208 H
FIRR AR "2 KR A g s
B 2wt B T 22 AL T 1) - 1 2 A A I, A
O, HARWT Z R AL 5T BRI R 7 17

1 “BLEMT"#%(Top—-down approach)
“HLEM " EEXNCAH 2 Fiiit 5425

AL, FEAFE ST AR SR IE LR
ﬁ{ﬁ P 751) SR A ) ) B s A
L1 PBisEE

JIGE A 9 A 3 A X O A T Ak B S
B A S A RE ST, IS A FLES#4 i) — R
W ERESCEE S 1 3 F I L S A FLZ 1Y
FLIE 2 0 P, i e T & st RE

Fathi 2£'°' fi] Na, CO; 04 HZSM -5 437-fifi i
TR A B T 2 90 L HZSM =5 4311 , 31
o7 R S, R 2 W, 5 40 i A
EL , 5 19 2 9L HZSM -5 4y Ui fa i P 4T L 77 A
B HEAL RN T M 7 i IR N R R R 3 B B AR
5, H B LR AT 3k 90.93% ., Groen %”*xﬁlﬂ
RERR LU ZSM -5 43 e T B AL B A, B 58 T
B B I e A BRI S M F ST R B, 43 4R Elﬂ%m
JEF- i R 2 LA R LB, 5 B0 FLXE RATE K
CaniE 1 Ca) ] ek Bl s RO e e
PRI BE R, A5 i 1A 45 1 7™ F Al R AT 7 A K AL
BALELWE 1(e) |5 HCSRER R 25 ~50 B, 4
O AR T LA 1 T B B, T A P A FL
[ 1(b) ],

75 A #A:2016 - 08 - 18
EETB : VLA MR B 22083

BB F (2015yp140708)

TEF R R (1991 =) &, WL A kA W (1971 - ), Tk, o, BRIl AL T L2 AR 1 BT 5T, 38 THIBK 5 A, zhangjt@ xsyu.

edu. cn,



2017 F4” REF DRI DF MRS EIN FRARHRE +51-

Si/Al
10

25

50

BI1 7 [5]  40 bb oo g 40 32 B o 30 v

J Ak v B A R TR B A 5 T ol AL 5%
Do SRS R Mk e P 722 A A L IR i R Bt
DRl A S5 AR TR T 3500 7 LS A R RS folAL
5/ NG R AR AR A5 PR R e D i e ol 4 %2
GALSY TR, I8 A A AL B Ah B 4% PR B 1k TG 5 T
V) AR B AR P
1.2 fi$R%

ST AR O S A e K VL B R AL
Bl A2 Ak TR 5 36 43 A A, AT B A ik P
AALE—F L g7 8" 0 K $Rk 3 W] LATE 4y
TN 5 ~50 nm (737G L {H I3 a5 G
BT o TVFL 5 ok 3 THT AR 1, LT i R 25
R TGRSR YERE , K AL PR 2 H 5 R b 2 R
VRARSS A AL Ry T 9] 80 52 5K Pk B AT
LR G R ALk B ok 5 L P 1 T B R4, B S
Qb T 7K B BRI D S L Bl

JUR AR AP IR () B IR B T R P R 2 AR S O
ARG ILEPE R, Giudici 25 X HOBFSE T il BR A
B g JBE 48 70 % MOR. i 48 i vk 1) 5 iy, F 9 3%
W, BR LU A IR S 25 2 B o3 B 2048 (B e A L
AR T S BR AL L 43T = A T IR L (EAH
P T VRV v R O TR i AR 5 A g A S B0 14 [
WV T ORE R T AT ORE L MR BE S
Gonzdlez 257 FIER R4 I%F B . MOR F ZSM -5 3 Ff
AN IRIZE M R 407 0 A T 40 I, 45 SR e 1, It 48 i
MIECU =% I 5/ /1 2 1 2 O 1T 2R 2y N
Feoe MR AL PR RE IS ISR M IS . AR 2
SRR N SE R4 AR, 5 MOR Hl ZSM-5 A L,
AR PE R B oIV A AL I Ak G v ™
i R 8 % M B, BIVBE 4R AL R B > MOR >
ZSM-5,

AT R I AR A T R A R R S e R A L R M
HRC AT AN E57 0 TP 55 252 A, 0 o
5 T AR 45 4 (0 R A 3 4 2 % L4 T 9. Yuan
2l NaA©O, 5 6 I 0 0 6 198 A 4G U Ak 30
ZSM=5 43115 , % BRI A5 09 22 G LA T 70 B e

IR i B AR B 1) W) B 72 A KA LA, fg ik T
S3FE4BON T4 = 17 53 0 i f A 1k RE , AT DL
FEVE SR ARES G 25 2L T — P
WO
1.3 BE&R*

LT e 1V 2 W e = e a1
TE 5 A BH S 2R 113G 1 790 %) 30 AR A5 14 C An G v 32 ok
VW AR IS ) 1 A M O B A A, A A N
KT8 R ST A FL 430 AH SR DR 2 4
i 2% 11 T T AL - FLEZ & 43 it sl A FL &5 48
B AR Canp 2 ) e

K2 EZasdl& s30Tk argl

Goto 2571 VR A B ¥4 Y80 PP 0 A 2% T 3 2 )
CTAB & T ZSM-5/MCM-41 & &5 1% , 3 F F
TECBEMEAL SR SN R HIZ T il 45 1) 2 ALy
FIRORE T ZSM=5 [5im R (3 FF HL N I 1 B 4
5, IF DAL AT 14 87. 7% o Yoo %5 R I SG 18
b PR EE 45 1 5 A BT W E AL ZSM -5 4 F
i BRAL BB AL A 10 ~30 nm [ 5 A FL, BERR Y
fEFE CTAB [ER T AR 3 nm ZEA45 AL, 25 SR 3R
WY, B e B L Si/ AL Ll I 2% 1 i 2 7R 2 75 i A 5
ZHAL TG E BN K )T Na 25 R
PR 0 A — T 45 i v, P A TR K e ik — H O
AL (1Y) NaOH 175 1K #AAL 3 HZSM -5 23F i &
BT ASFHLAR ) ZSM =5/MCM 41 & 4 43 Vi , 45
BB, G BINE AT BA B e Rl AL
SR R 1 Ak B, 3R v R 4 B K X A FL
FLAE R 7 AT M AR K 5 6 ZSM-5/MCM -
41 4T T IR+ ke R B, 5
ZSM-5 S AL A B, A0 M BH B4R e, A R
RREAG, IE T b RS T 17%

DA 11 76 00 A A AR R A ER 2 it v i T il
Z RS TF I — R R B 5 17 0 5 %, I A 1
Z AL S A G Ak A R TR AR I R ek
TEORER T I fLEs 4 o

2 “BTm_L"i%(Bottom—up approach)
AR BT IR AR TE D SO A AR [E]



.52 HLAK, A T

ABALFAFLESHG , T A5 2 AL T, T2
AUIEREAEMT I ROOAR B R TCAR AR ) 42 145
2.1 MEEME

BERSAR SR A TE KA B 8 HR A T AR
F, 4375 b ATE R AS AR &0 T 5L B N AT R
HE R TS 22 AL T AR T2 %
REPEFN 2 DI REME 25 0 L o DL A R, 3 B4
TR R IURL FRANKAT S A A AL
BRI BERE A5

Tao 252V FEh 77 T SRR P 51 AFLF2 N 23 nm
FLBEJELRE Sy 10 nm 5 B HEAT S Ak, B e 2
WA G415 T 29091 ZSM-5 43 T4 , HfL i 45 4
WA ¥, A FLFLAR o0 A 1 50 B 5 o S e £ B T
JFEARIT (FLA2 K 11 nm ZE47) o Chen %5 R =4k
¥ A FLIRE B, K 44 B T BEA | LTA [FAU
FILTL 4 Fp 0y T-0 , 4 00 2 AL 4 T HA AL
%03 ~7 nm B =44 E A AL, BT R TR B 5 AT L (A
4 FEI G ELB AR 5 o Schmide 25 23 51 L) 49
KSR N B 40 K 45 Ay BB A 70 K A i T 2 AL
SAPO-34 73 T-1ifi , 16 1 B 4% ity B 1 L 2 1o AR 194 )
B T TEE AR BT A B0 K A5 S A 5
TRERE S PERE S, 328 T 2 AL 1K 2 i T 45
PR R T P 45 15 T %8 0% B A B e A 2 )3
PEREAS 2R IR HE R

SR JF RS A v 7 45 19 22 9 LA T i LI R
;SR T R T (H S A LA K, LB % E
VERSE NI TF RIS A8 5, FLBA 55 v 25 1 ST R A
T HSEBRIY A
2.2 EERE

BRI BRI v e B s, B
TE AL AR e BRIk 0 A LA AT
A IR P LS R 4T 075, B R AR T 2 HLAY
FLALAR TR 1 5 . CTAB 2544 55 1) 2 T 175 5
GREREY TR 2 A AR 85, IR R T E
A Lo DRI 45 Sk [ 58 3 T AR 0 1) T i 1
FEEBFSE A ST 1 357 A AR 435 R A LA
Yt 22 7l VA s e 25 g 9 TR 945 1 90 1K 3 4 B
BTRAWS,

Xue 2 SR FIXUEA WL b 26032 Sy B4 51
BT ZHN LA ZSM=5 43T 155 1 2 9 7L
R 1AV N S8 STl L= L =REE DN
U A FLES Y, A5 20 T RERS T TR BE 3
S BN R , oA FLALAR W3 3 2 o5 A 1)
BLEELEROSE KT T4 . Ryoo AL #F9E T H

E31BE4H

R I 2 G ALY TR I AL PR RE , 45 SR 3
WY LEA WL T B SR, 55 B 1 43 707
FAEL , 2290140 107 2 B B 125 A0 AL 0 P A0 e 8
D B S A BB R S S T

Choi 25" ¥ YR {8 FH WL 25 %t +h 3% 17 1% 7
(Corgs) B HLH B 3E UL A 25K 1 22 9L MFT 44
KHEF  FE A R Coy g O K S R TRAL S 1)
H, B IR e ( Coy ) T A FLAR ISR, 3 3 42
i A, T B 2 RS Y 2 )2 MFT 40K
RS2 B RAFLAL A TEFr B2 R (anl&l 3 TR
0K T MFT 25 ) 437 BAS FL I8 e il PR AT | b3
AR B VSR S5 . WS Na 2517 D) = Ze g
ER XU REF TG P77 (18N, —18) Sy B4R ) 4 K
TANHFAALL T (MMS) , A JERE ) 1.7 nm
) MFL W 17 4370 o H- RIFLAR K7 3.5 nm 1A A
L, LR W B IR 1190 m*/g, BFF8 & B, AL FLEE
JEE i RV 2 R T LA o o 2 2 T 5 1 0 1 R i
SEHEAT VRS, A FLFLAR /NI FL B J5E 2 W 33 4o i
A 7 A R A B e R ke e 4, SR T
XEALFINFLIO A FEFEhl . 2 Eeh 2 s v ) ik
SCHLT A ALy 1 0% AL BE 0 S AL, B AT SR T
MFI 1 BEA 2 Fidfhg5#4, 36 T HAt 454 1 2 2 1L
ST A IR A R it — AT

—_— L dl
3 3 N/ ;
. ~
: <
X33 3 N
. Tprl T~

B EMFI

KEEBEEE(C,,)

B3 UXF%HEREEMER(Cpes) AEMRA
AR H MFL AL % BB K BEA0 B F 3 &
MAEREMTEH

Liu 25 DIFHES T+ 249 (C -PSt —co —P4VP)
SRR A L T A fLALIE VR b Bl ) ) 2 AL
ZSM-5 43 Ffifi . C—PSt —co —P4VP 2 1H HLAT 15 %5
IEHLA G5 T S AT I RESE RN A R ), 2
Hil 2 7 A LB A B AR . A BRI LA R
10 ~50 nm, 7£ K73 HEA AL S0 2 B AR 4 1)



2017 F4” REF DRI DF MRS EIN FRARHRE ©53-

IKPFEE VAL PERE . Yuan 27 DIBHES TR 4
YR I N S W RS A B (PDADMA ) Sk X3 g
BEHGH], K IA B T 294 B 4 T ¥, PDADMA ]
Fsf AT SR B L R S 1) 55 R A LR BCFL TR, A A 3]
(0 22 AL AT 35 o B, B e i A FLAL 25
BRI LRI, 20518 0.94 em’®/g F1 789 m*/g,
16 1,3, 5-= NI (TIPB) 244k s 7 H i Ak T 1
it E 12 W E RS, TIPB ()5 L3 5 ik
99% .

UEAE, BT OB L B 5 5 F 0 i IR AR A
FEMEREAT AL AT A T 32 BRI LTz
SETE  AFE IS BRI A5 7776 7 AR 48 11 R Y 3R B
SR FEOE A T EXE LA KB Tk A A
A
2.3 FZiEWBAEEE

Toliir B A — Ao % g R k" A
B ¥ o X B CREAR S 1 A A B R P AN T B
FAAFUEARGR , (HATy T BEUAL 5 40 S ) ] 38
TR A B AL2ETE RS A FLER SE Ok S 2 2
FLA T 1 A B, RIS A LA fL i 4544 BT
MIRESS AR TR , 155 R AR ) 426 il 45 Z AL oy
it TEABGL AR, AT DR FHEE & FLA5 4 1) 571
o] DAKE IS BRI A A K R R R S5 T o
e AR 1 Bl R

Wan 255002 ZSM =S s £790) 20 R UK R 285 4y B0
SRR , LA DY P 35 A AR Ak e 1 Sl M — A 45 4 5 1)
A, TR F 25 T 2L ZSM -5 Jr i o 45
R, G Z P AL F I AE IR B8 £ & LA [R]
A B T BIFLAR A 30 nm (G JE A FLo K
FHTHEA HH EE A SO, S5 SRR B VR R 25k
FEVEIRF 59% , W BERE LR TPk 100% , A7 LG T
HHLZSM S5 Ay B PR RE B 2 P . 2015 4F
Wang 25" 5 1o P20 06 40 AT ORAAC ) A% 2B K 7
— AR A 4125 A AL T ZRAL ZSM-5 430
R PALSr TR A A o, LR ERYIK
KA ML IZSE G G o 0, AR T R
TRALZEH , RIS 2E Y 2 L5 H B A FL LR
fi) (3 ~ 15 nm) FLEK HREBREM S, X
KA L BTk e AR e P Rt A A RE Y
(I S W g1 R AN A WY R = 1 N S =
A R AT i TS

25 BRI AR 2 9 AL 43 T e 4 BURIME AL
of IR IRAS T B A . 3R 1 902 T ARSI
P A 2 9L MFL BY 53— ) ) SR 5T A Ak

I HIER T AL BB Ak R R 2 ik i 1Y 22
AL o1 G HAT B e ) LR T AR, TS 0 TR
RE A TAT T 1R 790 A AR I, PU A T AR S O T
R 22 AL 0 O L 3 i AR 3 i 1, X
ZORN N Z P AL T R TE B AR 5 Ak 7 AR
A FLALAR R il A RO 4%, S ES TR &
VRIS , 77 A 9 4 FLR ST R HL 23 A i L A
Js oM B A AT AR T2 FL AR O 30 nm (1A
FForfle MIHLZR, AL i 1 2 AL
I T O AE AL RN R 2 B B T T
®1 TRERFEFEHNES RIS FIHH

Yy IR RN R 1Y B A
Si/Al i)
o AL 5 .
Bl (R Rt/ B (m? - fEfb R A
Ll )
k) nm g7l
“HEMT %
gyl 22,4 HCl 4 300 FEZHFHL
Jhi e 12.4  Na,CO; — 361 HIEER

i iy (32 50 NaOH 5.9 335 RIStk
fake/mapkl4) 31.4 NaAlO, ,HCl 10 383 ZEEBik

FmeE R 50 CTAB,NaOH 3.9 739 fiEfbZ44k
“HETNm R
ML —  RAER 11 385 —

s 60 760327 2.5-~7 521 HERHITUM
BkRET 15 18-N,-182 3.5 1190 —
ERkEipE™) 37 C-PSt—  10~60 365 K4rTREAL
co—-PAVPP
R E®) 29.3 PDADMAY 14 789  TIPB ZULS I
T EAH 55 30 433 FIEEI A
ek 0]
T : 076032 Jy A HlfEbe ; @18-N; 18 Jy =4k Eh W I e &K i
P s @C-PSt —co —PAVP S [ 1 R4 4 ; @PDADMA 3¢ —
P IR

3 H#itERE

ZRALIr T IR TR B> 10, BA Y
B TRERE LS R SR PAARE kiR AR R S R
NSO, B Tl AR Al Bl 1 0 B 5 114
Mo “ A LMR " %k BA & Bk i 2 T R
PRAFDURL, B ZORT AR DAL 5 AR, T B R P4
253 A NI _E" A U 2 AL T AL R e AL
4 AR G O R R 2%, SR A By, ELASE
MG BR 25 (R TR I 2 T A B T e, i 26 [ R A 1



.54 - HLAK, A T

bR, A H A E BRI ESCRE , JoRAR F 4
FAREATE TR

BRI AR Z YA T AW ST 1 R
PEVERE  (EUR AR U 2k A JBOH LB | S5 A8 R 1 44
PR TAE T TRIATS A7 1 22 1) 180 % 55 gk 2, R S
MF AL gD o TR A B i ER
KRR ENE Y 22 9 L7010 LA K o B 55 AT 22
PP TR BUREA: 7 I BRI 5 BT 35 2 45 Ja 5
A R

Sk

(1] MAT, I sk, i, 5. MFL ROk 2 43 10 B4 1 4 S i
Wt )]. BIL T ,2016,36(4) :53 - 56.

[2] XBeRe , e, sk B 2R & 2 R AL o> T T s s e ()]
T AL 2016 ,24(3) <11 —15.

[3] Koohsaryan E, Anbia M. Nanosized and hierarchical zeolites; A
short review[ J]. Chin J Catal ,2016,37 .447 - 467.

[4] Zhang K,Ostraat M L. Innovations in hierarchical zeolite synthesis

[J]. Catal Today,2016,264:3 —15.

BRIGAR , R SC, MG, 55 29000k A AL 7 & BRI AL

FHERIT]. BT ,2015,35(12) 34 -38.

[6] Fathi S,Sohrabi M, Falamaki C. Improvement of HZSM-5 perform-

[5

[

ance by alkaline treatments; Comparative catalytic study in the
MTG reactions[ J]. Fuel ,2014,116:529 - 537.
[7] Groen J C,Jansen J C,Moulijn J A,et al. Optimal aluminum-assis-
ted mesoporosity development in MFI zeolites by desilication[ J]. J
Phys Chem B,2004,108(35) ;13062 —13065.
MG, ok i 4x, B, AR 290U 10 0 ] A 5 4 Al
[J]. Ak2EE 2 2013,25(12) :2028 -2035.

[9] Chal R, Gérardin C,Bulut M, et al. Overview and industrial assess-

[8

[

ment of synthesis strategies towards zeolites with mesopores [ J ].
Chem Cat Chem,2011,3.67 -71.

[10] Maller K, Bein T. Mesoporosity-a new dimension for zeolites[ J].
Chem Soc Rev,2013,42.3689 —3707.

[11] Giudici R, Kouwenhoven H W, Prins R. Comparison of nitric and
oxalic acid in the dealumination of mordenite[ J]. Appl Catal A
General ,2000,203 :101 - 110.

[12] Miiller J M, Mesquita G C,Franco S M, et al. Solid-state dealumina-

[

tion of zeolites for use as catalysts in alcohol dehydration|[ J]. Mi-
cropor Mesopor Mater,2015,204 ;50 - 57.

[13] Gonzilez M D, Cesteros Y, Salagre P. Comparison of dealumination
of zeolites beta, mordenite and ZSM-5 by treatment with acid under
microwave irradiation [ J ]. Micropor Mesopor Mater, 2011, 144,
162 -170.

[14] Yuan E H,Tang Z C,Mo Z L,et al. A new method to construct hi-
erarchical ZSM-5 zeolites with excellent catalytic activity[ J]. J Por-
ous Mater,2014 ,21.957 —965.

[15] Ivanova I I,Knyazeva E E. Micro-mesoporous materials obtained by
zeolite recrystallization ; Synthesis, characterization and catalytic ap-

plications[ J]. Chem Soc Rev,2013,42.3671 - 3688.

E31BE4H

[16] Ivanova I I,Kasyanov I A, Maerle A A, et al. Mechanistic study of
zeolites recrystallization into micro-mesoporous materials [ J ]. Mi-
cropor Mesopor Mater,2014,189:163 - 172.

[17] Goto Y, Fukushima Y,Ratu P,et al. Mesoporous material from zeo-
lite[ J]. J Porous Mater,2002,9(1) ;43 -48.

[18] Yoo W C,Zhang X Y, Tsapatsis M, et al. Synthesis of mesoporous
7ZSM-5 zeolites through desilication and reassembly processes[ J].
Micropor Mesopor Mater,2012,149(1) .147 - 157.

[19] Na J P,Liu G Z,Zhou T Y, et al. Synthesis and catalytic perform-
ance of ZSM-5/MCM~41 zeolites with varying mesopore size by sur-
factant-directed recrystallization[ J ]. Catal Lett, 2013, 143,267 -
275.

[20] White R J, Fischer A, Goebel C,et al. A sustainable template for
mesoporous zeolite synthesis[ J].J Am Chem Soc,2014,136(7) :
2715 -2718.

[21] Tao Y,Kanoh H, Abrams L, et al. Mesopore-modified zeolites ; Prep-
aration , characterization, and applications [ J ]. Chem Rev, 2006,
106(3) :896 —910.

[22] Chen H,Wydra J,Zhang X, et al. Hydrothermal synthesis of zeolites
with three-dimensionally ordered mesoporous-imprinted structure
[J].J Am Chem Soc,2011,133(32) :12390 — 12393.

[23] Schmidt F,Paasch S, Brunner E, et al. Carbon templated SAPO-34
with improved adsorption kinetics and catalytic performance in the
MTO-reaction[ J |. Micropor Mesopor Mater,2012,164 (4) ;214 -
221.

[247] Xue Z T,Zhang T,Ma J H, et al. Accessibility and catalysis of acid-
ic hierarchical ZSM-5 prepared by silanization[ J]. Micropor Meso-
por Mater,2012,151:271 -276.

[25] Cho K,Cho H S, De Menorval L. C,et al. Generation of mesoporosity
in LTA zeolites by organosilane surfactant for rapid molecular trans-
port in catalytic application [ J ]. Chem Mater, 2009, 21 (23 ).
5664 —5673.

[26] Choi M,Na K,Kim J,et al. Stable single-unit-cell nanosheets of ze-
olite MFI as active and long-lived catalysts [ J]. Nat, 2009 ,461 .
246 —249.

[27] Na K, Jo C,Kim J,et al. Directing zeolite structures into hierar-
chically nanoporous architectures[ J ]. Science,2011,333 (6040) .
328 -332.

[28] Liu F J, Willhammar T, Wang L, et al. ZSM-5 zeolite single crystals
with b-axis-aligned mesoporous channels as an efficient catalyst for
conversion of bulky organic molecules[ J].J Am Chem Soc,2012,
134(10) :4557 - 4560.

[297] Yuan Y,Tian P, Yang M, et al. Synthesis of hierarchical beta zeolite
by using a bifunctional cationic polymer and the improved catalytic
performance[ J ]. RSC Adv,2015,5.31153 -31165.

[30] Wan Z,Wu W,Chen W et al. Direct synthesis of hierarchical ZSM-
5 zeolite and its performance in catalyzing methanol to gasoline con-
version[ J]. Ind Eng Chem Res,2014,53(50) ;19471 —19478.

[31] Wang Z P,Li C,Cho H J,et al. Direct,single-step synthesis of hier-
archical zeolites without secondary templating[ J]. J] Mater Chem
A,2015,3:1298 - 1305.

[32] fLKK, EilF 2, BT, 5F. CoMo/HZSM -5 fE AL - (I 2 35
e agE [ J]. AL T ,2016,36(2) :50 -54. A



