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Effect of pore-enlarging agents on the diameter of synthetic ordered
mesoporous materials
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Abstract Si-Al oxide based materials are catalyst materials which can be used in different processes due to their advantages of
diversified pore structures, adjustable pore sizes, large specific surface areas, being easily loaded with active metals and grafted with
organic functional groups, all of which could improve the reaction activity and selectivity. Importantly, ordered mesoporous materials
with large pore sizes exhibit preferable characteristics in catalytic reactions, good distribution of the active sites, and efficient capability
in the mass transfer and diffusion of reactants, intermediates and products. In this paper, different expanding agents that are usually used
to synthesize ordered mesoporous materials were summarized in detail, and the related influences on the channel structure, physical and
chemical properties were reviewed. Furthermore, chemical and physical methods were reviewed, including acid or base post-processing
methods which are usually used in the modification of microporous materials, and the addition of polar or nonpolar expanding agents
into the original reaction systems which are often adopted in the synthesis of mesoporous materials. Moreover, research progress in the
mechanisms of the expanding agents and their effects on the material properties were also summarized, and then the future trends for
using expanding agents in the synthesis of ordered mesoporous materials were discussed, thus providing important information for the
structural design and optimization of novel materials and catalysts.
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Fig. 1 The mechanisms of chemical methods and physical methods of expansion



YU B AT AL R LA AR

325

e 7T FLARIE R, RIS B )Ns  [R)TR
SR AIRRAR, (NIRRT
D IEAERI I A B, Giudici 55 TR R Al HE R 43 J3l)
TE 100 C R 220l AT AT LR AL BE, IR AER B 2t
F1 7 RAE, AR AT RI], PRI B AR X
BRI R PR A AR B R R PR i 5 480U
Bf S TEM 23t W], 2250 A1 2 IR AL BRS HE JC T 47
FLEEH, MIFRRBA H A S ; NMRAMTERI], 4k
PRRH [F) R R L R 220600 A i, IR T BRI A ) B e
B, MR AR ER— B A, ORISR
BRI, PRI IE AR R FLAR I [R] s 2 1 s
R A R B

1.2

B A v T A R TT A3 Sy DL . SR
BRI AR 7 0 45 o A 2 ) TE ML AR LA 22 7K R 2 4 Bl 4
RAAREA YU, P ICHLRE Y Bk R, A P
(B PE ak 55, B R 349 2 il MG e R R A DA 4
file EHT, 24X TS A LR G0 DL E 1T i A
JZ W » Pérez—Ramirez 25 O 7 Z 408 A2 A5 K I NaOH
XF ZSM—=5 53§ AT LA FLARFE . [ TPA* & TBA
ER I F A BB 1 I i IF I ZE e fL DAL, H 2R84
FHES 5 diR B 2R R R ST M EAE T, Rt
W5 T OH W RER K MR B, WBR S T LR A IS K,
RV 53— 22 B Bk P AR Ay 4™ L 9 oo A I ke ol A v
g BRGNP ™ BRI ;. TMA® BH B I Bl g ik A
ZSM-5 By FIedh, XHEZRESHABA TP VE .

1.3

i RN ey R EL A 559 1 ok 5 A T A B R
AT AR BB Ak o 24 24 55 LA HAC—NH,Ac 2% 1 %
WY FLAIXT S10, ZARYFL, I 112k Cu Fl Bi il 251
AT LA= TR BEA R . Harsras SR,
AR AR LA KR, R R R L, WTEA
B R { WY 225 A N1 W I 7 DA 7 1= e el <]
PRCZ M E, SR R EILIE; LR/, B
R R T A o3 A IR BT UE AP R R T B ZE LA
JiHG gl 4 VAT 4G Y, Cu—Bi—SiO, AL FI AT PE 5
Y BORBERAROETEZ A S, B 1,4- TR RN
BN R NSN3 A i B 2 T ARG N (G E
FHTHERR A4 B0 5 AL

2y 5 VIR TPAOH( U 75 56 & A AL 2 ) A NaOH
BT A T ZSM =5 AT 9L, BFFTal R, Bl
W —SE I, AR TPA/OH B 48 i b B[] 2 45 ]

TU D TAL LG . 38 A LS5 A8 S /b i R M A3 4
B, Ko 84500 R F TEAOH( MY 2 3k U A Ak 2 ) Ab 3
ZSM-5(MFI: =4k Iu358 ALl ) FIMCM—-22(M—
WW: =4+ =03 8 %), HNaOHA: # ZSM—
22(TON: —#4E-|- o3 H fLiB ) F1SSZ-13(CHA: /\JG
IRGEAR ) I 4 RO R G5 AG AR kL, I 1T F ] 9
K (MTP), XRDRAEZE IR FH, 4 Pl AL+ £
YL S YA LA, HArFifiia s TR A s
BREER . LEMTP UV Y, ZSM—5 f4 F s 2 Ak R AE 1
12 h N PR 100%, HAEfrmtc; ZSM—22 Fl1SSZ—13
LRI AT R SRR s R, (HER SRR . VEER
T AN [7) i 0 PR N+ R i P A LS T AL
ERYECERE, ARAR T RN Y Y RS A
KA BB Ay TR, B HcrE AE R 2 A i P R AR
FRE— 255200 43 -0 ()RR B i, (SR R4 3 M SRR
AR, IFFEO=W i AR,

14 BF=

WEAESR, RS I B S B TR L g T
P S 3 0 Sk B Bh B fL . Khoshbin %5 U2 J 8 75
B 0.05 mol/L i NaOH %} ZSM—5 #4579 L, I T
BEA MR IR R N . IR AE AR, A
BB A B E PRAIE 53 0 2548 A B DR IsF %) e AR Py
20 min, HBERE AR IR P3G 5R, PR A B
B S IOE 3 P 5 (L SIE R 7 Ak B ) D 2% 1 3K ZSM—-5
B MFLZE G o SR F5 18 20 0 B 2R 435 O B2 A1 HL 3R i
FURE , B B4 AL e J3E 130 L5 55 T SO )5 o T
PRI, R HE TR HOME & T e ik

PEVE.
2 Pyl

Py B FL R B AR L | ORI A I 7
5, RPE R T LR S TR A R R AL
FrR A FLIR R X R S5 M R, i B AL
V5 2 b 5 e o PRSI  of 52 5 | S VR TR B
BRAL.

2.1 WEAERGE

TR AR A5 LABR TR . BRANKAT . BREF 4k RNk ek
Ji2 2 S AR R B RRAA R R LB R 5 FN T My 45 AR e i 2
fLA L
2.1.1 AR

YK 22 R AL LS T A A A A AL E A



326

FIMELEER  20194F9 H SH 4B 3 )

SBA-15 with
P123 inside

” ‘ \\ Air

ALYAS

823 K

ZSM-5 with
mesopores inside

B2 AN FLERA R A AT & R A FLEE R A AL

SBA-15 with
carbon inside

® Na,Sio,
@ Carbon template

mixture of nanosized

carbon and Na,SiO,

ZSM-5 with carbon
template inside

Fig. 2 The mechanism of mesoporous silicon-based materials synthesis by mesoporous carbon as template!™
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