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Abstract: In this paper, the effects of various external field conditions (including micro-gravity technology,
high-gravity technology, rotating liquid film technology, ultrasonic waves technology, microwave technology,
ultraviolet radiation technology, and electric fields) on molecular sieves synthesis processes, structural proper-
ties, catalytic/adsorption performance, as well as the mechanisms are reviewed. The results show that the ap-
plication of external fields promotes the production of molecular sieve adsorbents/catalysts with smaller parti-
cle sizes, larger specific surface areas, higher porosities, and more active sites. Considering the promising ap-
plications of these technologies, high-gravity technology, rotating liquid film technology and microwave tech-
nology provide new technical supports for the efficient synthesis of high-performance molecular sieves.
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Tab.1 Classification and application of different effects of common materials and microwaves

o oo 1 5
P B R B A R PR RO B B R L MR U
RATRE KSR A B RV ok
emn e AV B B R AT MR E SR IRE . R s o on o K IR ff i
FEB e VL BB LS T B R, o 2% TR B R
K BT R R R T R ‘ e e \
SRR o] B R TR WU R R R U BB e O R
Mol SR TR BRI TR a0 e R B B
0 T AT B R A A B 6 A SRse B
ORI ARG, I 3 PR, ke (N AR R R
N ) 2 ‘ e 5T ¢ ¥ ¥
LT AR Ve Ay T BAE BRI B —
A —_— p S FRAR T TR BEAN R
LR LA 9 R 1 TR T E 4 N — P . (it

TG 2 TR e AR T G 5 5 . W*M%
KA T L8 6. MO F 4 i e o~
F 4307 S5 LT3 W ) 1988 4E L Mobil et st €

STV T ZSM-5 A NaA 1) 43 R R

R+ 5 1 5K A AT e S 4 T 3 MBS BE
PR B CT) u in HA T] T 4 4T Ak Fig.3 Schematic diagram of microwave heating principle:*]

)5 8245 5 772 #F5E . Cheng 51 Ik H R (100 W) FE 20 min BRR[ 45 3] A 430 5 Le 457
PE— 2K AA 530 (9 A I [ 7 7 AR (800 W) N4 3 1 6 min,

B T A BT R b BN RROek 3 9 B S A R B AE T 25 T, Fukasawa S5 FE RO T A
BT ALEARZ R 20 nm (4 FL ZSM-5 43 F- i o H X 45 it 25 b i e R WL B k2 1% 8 K G 1 F 1T 11
2 f5Lh b Khan S FIRGHCKE SSZ-13 430 9 RLAR M 600 nm [ % 50 nm LUF . JF7E R 4k £
il PR CETP) S, HR 3R A 1 38 i 19 0 2 A 3 R O e o

HE AR A o Bl B B AR AE 53 07 R 1 A B A HRAS TR R . AR LTS 4 RO L AR
7R G R ) R S it A DA ROR 8 406 /I 28 290 A % 5 ) 3 7 bRl 7 2 00 77 9% 1 R T
o N 588 A E F9 e SRR 23 07 IR R AR S SR A 2R 7 o 1 0 I 3R B L T R 40 S Y o e R L AR R TR

https://hdxb. hqu. edu. cn/



%5 M PRI S5 AN R AR AR T 205 0 A 00 5 R 547

J 7K 7 FH Sk b R B T RO . BR T KR R AN B R G A B T A RN TE T R A 4R
RN T RS . BT IRARAE A B A v T 4 25 V5 700 R 45 /) 5 1) 00 1 P R L ECAS B A S — i O R 1 ol D
SN A T o 55 A A BB A% 52 I AE AR TR R T A B0 07 o 09 R A D8 ot A 3 R v ) S ) A, R
TR 5] AT BOBAS 138G AP S T 225G ) T () R, (] B B - JE T R s 2 U D S ek sk
WA I A B e FE I B M AR AR o BRI S sk B K 3R e E A O 2L P 3 B B 5 A T R

T I F A B F i R BRI BRE &5 8 77 2 MuFoe , AR HG . 1) ol i K 46
S G L ) L RRAIRRE AR 5 2) RE A B 10 o 56 43— U7 1 9 Ak M BB L F 6 R A% Ll 32 L TR ot B R /K AR RS e 1 55
3) & oy T O A U B /A S TR RE T . R O K B A 1 ML A T A U i Vs A L o A Bl
F12EE PR . — 7 1 SO AR F RE 0% 5L 0 A R A B S 1 VA A 1k AR E T—O—T sk T—O0—T7
SHE TR 85 o5 — T3 T o AR I AR A S M R R P B 6% (5 15 V8 VR ZE B ) PN A% AR TR KR B AR A HL RO g
X R AR B B A K R (I A PR R S R B A A L B HAE B SRR R E B
BEF Y MR AN B A A R ok A T o 10 A R A e AR
1.6 £5b

O B 4 A RE 100G - A 80 X R AR B A AL R L AR R B G iy B A T LS B s A 51 R
b2 R R 56 G V8 AR Z R BE AN AL 24t B . JR L& X F 200~400 nm P K A9 5 506, 24 B4 78
SR T RS AT R AR O 2 W WU RE 5 5| ROk AE RN Y . B R IR 20T T
AN 22RO 8 R AR RS A 0 R . e AR R AR v VR T LUAE BUOR FE A B3R C - OFD L, A
04 53 F- i 45 ol 2 . TERRPE SR B b EAER B 7 (OH D@ i 3R Si— O A1—O Ml Si—O—Al
HRAE R AR RE AR TR AN BE R R R MR G LM - OH /E e OH - S I 1 P 38 @ i ¢ o3, o8 A Al 4 F
A R Feng™ S 7E K G AE T A 484 BG4 « OHLIESE T« OH % NaA,NaX, NaZ-21
A1 Silicalite-1 43 i 9 A AEHEAE R . B« OH FZAEFH T R By B, 32 & 1 5B 19 Si— O— Sif b
ST B R L AR BT Si— O—Si BEMIE B i« OH Xf i A KR A k.« OH B T i 4h
A AR TS TR o R AL 1 B A E A BURPE T
1.7 Hi

VRS 4R S0 #3776 BOREG B P B — B ) V2 W5 o 91 A SR 0 | S RS Ak 0 R0 TS ATL 40 K R
TFA RS . BET. AN 3% 5 4V ML A e e AR S T T . SR A T R
J& » Ghaani %70 % B8 3 76 7K s /NI 3 BE 06 0 IR F ORI T . T BR 1 R R AR PR I 43 1k
RIS A A B3k Sk , Takahashi % GEB] 17K A 48 oK A< (<C50 pm) 76 AT 58 20 19 2 25 i 3015 0
L H AT B AMIP g L A« OHL % B H TR 4> F 0 G S (2 #EE I S A BESE . R B
WA B RSN H T 6 B0 7 0 ST BF 5T, fH Ghaani %570 F1 Takahashi %5 () 058 25 5 o0 i
Y T4 B F i dR AL T —Fh AT fe

2 FitMRE

W AN R 5 AL B AR 5 A3 F 5 G Al B v xh FOREAR | Ll 3R ET R L FL S A 0 M A 6 e R A A 55 3
eea kR sEAT T AU . SR, H RTS8 A B AR AE S 1 0 A N AT A AR — 28 R M TR B

D) RUEA KA S50 AR LIIE I T 4137 58 A B AR AE 531 A i SUs_E R D0 3 o (B0 T 23 1 0 & JAL
il #0417 5 A HIL 1] ) BIF 5 180 8 R A2 3 5

2) JETF AN AL S 8 10 9 3 5 AR 2k L R B 2 S0 R Y R R AR PR 5

3) — LN ARA A B — SR AL S RE L TCIE A B W AR o 1 0 A R AR L o
P BN RITHL Y 5

4 FHIT S 231 0 A AT P TR A 7 T Tk i R A A

PRI & R oK T A AR JLAS T T T R F 5 A

D) ARG 53 F0t A Bk A e i) JEL AL R AE B AR 5] 1 A7 [ 25 i S 5 AR R b, A S i o A 45
PE— B R AE SN AL T 14 73 0 A L 5

2) BE— 2L QT SO R T IR R TR DL e 2 BRI B HE B 1 i S A A

https://hdxb. hqu. edu. cn/



548 R ¥ F R B KRR F 2024 4F

S & k-

[1] ESEAE . 38708, X0 5 4 . 55 a4k 3 05 6 & R £ G fL o i (W 0 J8 5 Bk i [T 1. JEALER Tl . 2023, 55 (6) : 36-42.
DOI: 10.19964/j. issn. 1006-4990. 2022-000.

(2] x0stmi, UM B. 4 Fim e s kst ] s 4k T, 2015,35(9): 34-37, 39. DOI; 10. 16606/j. cnki.
1ssn0253-4320. 2015. 09. 008.

[3] FENG Guodong,CHENG Peng, YAN Wenfu,et al. Accelerated crystallization of zeolites wia hydroxyl free radicals
[J]. Science,2016,351(6278) :1188-1191. DOI:10. 1126/science. aaf1559.

[4]  S5T581 5RO & JUIN L &5, 23 () SO ) 20 358 3t TR ASE 400 3a0 36 07 s 5k ) . A R 4545 2011, 29.(3) £ 95-100. DOL: 10.
16804 /j. cnki. issn1006-3242. 2011. 03. 019.

[5] CONTRERAS-PEREDA N,RODRIGUEZ-SAN-MIGUEL D,FRANCO C,et al. Synthesis of 2D porous crystalline
materials in simulated microgravity[ ] ]. Advanced Materials, 2021, 33 (30): 2101777 (1-9). DOI: 10. 1002/adma.
202101777.

[6] WARZYWODA J,BAC N,JANSEN ] C,et al. Growth of zeolites A and X in low earth orbit[J]. Journal of Crystal
Growth,2000,220(1/2) :140-149. DOI:10. 1016/S0022-0248(00)00659-X.

[7] AKPORIAYE DE,STGCKER M, JUNGGREEN H. Results of the crystallisation of zeolite molecular sieves under
microgravity conditions during the EURECA-1 mission[ J]. Advances in Space Research,1995,16(8):55-58. DOI:
10.1016/0273-1177(95)00270-0.

[8] ZHANG H,KAMOTANI Y,OSTRACH S. Zeolite crystallization process modeling and comparison with micrograv-
ity flight results[ J]. Journal of Spacecraft and Rockets,1995,32(1):110-116. DOI.10. 2514/3. 26582.

[9] AKATA B,YILMAZ B,JIRAPONGPHAN SS.et al. Characterization of zeolite Beta grown in microgravity[ J]. Mi-
croporous and Mesoporous Materials,2004,71(1/2/3) :1-9. DOI:10. 1016/j. micromeso. 2004, 03. 012.

[10] SONG Hongwei,ILEGBUSIA O J,Jr ALBERT S. Kinetics of zeolite NaA crystallization in microgravity[ J]. Mate-

rials Letters,2005,59(21):2668-2672. DOI:10. 1016/j. matlet. 2005. 04, 015.

C11] BR300 3C, AR ik, 55, B 7 S i TR LM, b st AL Tolk i iigAt: . 2020.

[12] COLIN R,HOWARD M R. Mass transfer apparatus and its use; EP19780300622[ P]. 1979-06-27

(18] Brgrwfe. B JyBR Ko FIEM. 2 R AE At Ak 2F Tl th ikt . 2021,

[14] XIANG Liangyu, WU Liankun, GAO Lidong,et al. Pilot scale applied research on CO, removal of natural gas using
a rotating packed bed with propylene carbonate[ J]. Chemical Engineering Research and Design,2019,150:33-39.
DOI:10. 1016/j. cherd. 2019. 03. 038.

[15] BR¥s. 47K BE DI ARBT IS & LT /b T3 44 R, 2016,37(5):61-64. DOI: 10. 16759/j. cnki. issn. 1007-
7251.2016.10.016.

(161 FFlsds, Beinfh . se . 55 8 5 ) BUR +3h Bk vk il & ZSM-5 7 1 . Kk #od g mplal LI ], 4 Tk g, 2021,
40(11) :6228-6234. DOI:10. 16085/j. issn. 1000-6613. 2020-2326.

[17] MALINOWSKA JW,PITKOWSKI M,BLATKIEWICZ M, et al. Reactive absorption of carbon dioxide in aqueous
n-methyldiethanoloamine solutions catalysed with carbonic anhydrase in a rotatingpacked bed (RPB)[J]. Chemical
Engineering and Processing: Process Intensification,2023,184:109266-109277. DOI:10. 1016/j. cep. 2023. 109266.

[18] QI T.SHIJ.,WANG X,et al. Synthesis of hierarchical ZSM-5 zeolite in a rotating packed bed: Mechanism, proper-
ty and application[ ] ]. Microporousand Mesoporous Materials,2021,311:110679-110688. DOI:10. 1016/j. microme-
so. 2020. 110679.

L1991 Arfa A=, Br B it S0 0, S5 B ) 20 B O AL 8R4 ok MFT 23 7 0 e Hofigfb g LT . A il fk 12, 2024,53(2)
167-174. DOI:10. 3969/j. issn. 1000-8144. 2024. 02. 004.

[20] XU Yongquan,CAI Lianguo,LEI Shao,et al. Preparation and characterization of NaY zeolite in a rotating packed
bed[ ] ]. Petroleum Science,2012,9.:106-109. DOI.10.1007/s12182-012-0190-0.

(210 Srhsds. BT Jy s Ak ak 408 2 70 i 46 L2 B AF SR LD . Jb st - Jb st 4k TR 24, 2023,

[22] fF3CE. BE AR 070 AL A BAFFE D], b ad b at b TR 2, 2023,

(23] IhGEE 5P 2 5. 5. U0 BHE 2 A 7 M CRoRE & 8 B ) RO R 5 110652950A[P] 2020-01-07.

[24] FhEE X RED A1) 3C, % —Fhid I3 - 181 Sl 3890 52 07 44 R 1) 768 o ) 1 A 7 75 S BT : 116726822A[P].
2023-09-12.

[25] QI Tingting, KANG Yingying, AROWO M,et al. Production of ZSM-5 zeolites using rotating packed bed: Impact

https://hdxb. hqu. edu. cn/



VIR, 25 SN AL AR T 23 1 0 8 a0 5 0 549

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

mechanism and process synthesis studies[ ] ]. Chemical Engineering Science, 2021, 244 ;116794-116804. DOI; 10.
1016/j. ces. 2021. 116794.
CHEN Jianfeng, WANG Yuhong,GUO Fen,et al. Synthesis ofnanoparticles with novel technology: High-gravity
reactive precipitation[ J]. Industrial & Engineering Chemistry Research, 2000, 39 (4) ; 948-954. DOI; 10. 1021/
1€990549a.
AL, V7 22, 2 B . A VR S I 4 TR B RS (AR AR B B A 5 LT . b mUAR R A 2 i CA AR RO
2018,45(1) :8-12. DOI:10. 13543/j. bhxbzr. 2018. 01. 002.
FIE I BT RO B S N 4 1 S5 IV, 4 i e R B T A A B R A A R AR SR LD, JE e Jb AL DR A, 2022,
GUO Shengchang, EVANS D G, LI Dianqing,et al. Experimental and numerical investigation of the precipitation of
barium sulfate in a rotating liquid film reactor[J]. AIChE Journal, 2009, 55 (8): 2024-2034. DOI: 10. 1002/ aic.
11818.
MEZZE, T RS Y. — B 2 00 WO 0 % TR S R g R AR & B R R A 4 R A S AL iy L
116586001 A[P]. 2023-08-15.
Tedi VB L RAG T 55, — B 5 4R AL 2R X455 I 52 4810 0 i Ak 700 1 1 48 D7 7% - 105195148 A[PJ. 2015-12-30
TAN Jianghao, WANG Qi, LIN Yanjun, et al. Direct preparation of battery-grade lithium carbonate via a nuclea-
tion-crystallization isolating process intensified by a micro-liquid film reactor[ J]. The Canadian Journal of Chemical
Engineering,2023,101(2) :870-882. DOI:10. 1002/ cjce. 24436.
ZHAO Yun, LI Feng, ZHANG Rui, et al. Preparation of layered double-hydroxide nanomaterials with a uniform
crystallite size using a new method involving separate nucleation and aging steps[J]. Chemistry of Materials,2002,
14(10) :4286-4291. DOI:10. 1021/cm020370h.
FENG Yongjun, LI Dianging, .1 Chunxi,et al. Synthesis of Cu-containing layered double hydroxides with a narrow
crystallite-size distribution[ ] ]. Clays and Clay Minerals, 2003, 51 (5): 566-569. DOI: 10. 1346/CCMN. 2003.
0510510.
BB R E XA, & AR S 8 s X Al TiO, /K 43 Bk 8w i B gT L) . /S 4 5 & A4k & . 2003, 11
(22):18-20. DOI:10. 3969/j. issn. 1008-1100. 2003. 22. 008.

PR L, ERE L S RS PRI S AR TR NaY 43 0 19 & mUBGE R R R LT, Tl g4k . 2023,23(11)
892-896. DOI:10. 3969/j. issn. 1008-1143. 2015. 11. 008.
FRLL A S0 B SO SRS 52 G IR K IS B K X B A 4 i L) ). 2SR W5, 2020(15) : 36-38. DOT:
10. 3969/j. issn. 1672-8114. 2020. 15. 016.
HAN Jinfeng, HA Ying,GUO Mingyu.,et al. Synthesis of zeolite SSZ-13 from coal gangue via ultrasonic pretreat-
ment combined with hydrothermal growth method[]]. Ultrasonics Sonochemistry.2019,59;:104703-114713. DOI;
10. 1016/j. ultsonch. 2019. 104703.
CHEN Zongrong.SONG Guoqiang.L.1 C,er al. Coal {ly ash to Y zeolite of great purity and crystallinity: A new and
green activation method of combined in situ microwave and ultrasound[ J]. Solid State Sciences,2023,136:107102-
107112. DOI:10. 1016/j. solidstatesciences. 2022. 107102.
I35 28 B, F R %G 7 s A B JE L. W AR P S 2 A A 2003, 5.(5) £ 292-294. DOI: 10. 3969/,
issn. 1008-6978. 2003. 05. 014.
BELVISO C,CAVALCANTE F,FIORE S. Ultrasonic waves induce rapid zeolite synthesis in a seawater solution
[J]. Ultrasonics Sonochemistry,2013,20(1):32-36. DOI:10. 1016/j. ultsonch. 2012. 06. 004.
MOKUDAI T,KAWADA M, TADAKI D, et al. Radical generation and bactericidal activity of nanobubbles pro-
duced by ultrasonic irradiation of carbonated water[ ] ]. Ultrasonics Sonochemistry,2024,103:106809-106818. DOI.;
10. 1016/j. ultsonch. 2024. 106809.
AR R HORTETCHLA RS S A g A LD . 45 BT s b R, 2018, 19(7) £ 24-25.
LI Yanshuo, YANG Weishen. Microwave synthesis of zeolite membranes: A review[]]. Journal of Membrane Sci-
ence,2008,316(1/2):3-17. DOI:10. 1016/j. memsci. 2007. 08. 054.
CUNDY C S,COX P A. The hydrothermal synthesis of zeolites; Precursors,intermediates and reaction mechanism
[J]. Microporous and Mesoporous Materials,2005,82(1/2):1-78. DOI:10. 1016/j. micromeso. 2005. 02. 016.
PREZ) ARG bt & 25 0 R B - /K i B ) o 0 A9 F 58 0t e [T . A 0k i . 2015, 34(8) : 2916-
2924.DOI:10. 16085/j. issn. 1000-6613. 2015. 08. 002.

https://hdxb. hqu. edu. cn/



AR ¥R (AR B R 2024 4

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[57]

[58]

[59]

[60]

LE T M,NGUYEN G T,DAT N D,et al. An innovative approach based on microwave radiation for synthesis of
zeolite 4A and porosity enhancement[]]. Results in Engineering,2023,19:101235-101246. DOI:10. 1016/j. rineng.
2023.101235.

CHENG Zhilin, WAN Hhuilin, LIU Zan. Fabrication of zeolite A rods with irregular macropores by self-assembly
of zeolite A microcrystals using microwave-assisted hydrothermal synthesis[J]. Chinese Journal of Chemistry,
2004,22(12) :1454-1455. DOI:10. 1002/ cjoc. 20040221216.

KHAN N A,YOO D K,LEE S,et al. Microwave-assisted rapid synthesis of nanosized SSZ-13 zeolites for effective
conversionof ethylene to propylene[ J]. Journal of Industrial and Engineering Chemistry,2023,121:242-248. DOI;
10.1016/j. jiec. 2023. 01. 028.

TR A A LT AT A A BT 7R R R K 20 O B R e 4 LEB/OL . (2022-08-16)[2024-07-28]. https://
heec. cahe. edu. cn/school/science-project/30955. html.

BAGHBANZADEH M, CARBONE L, COZZOLI P D, et al. Microwave-assisted synthesis of colloidal inorganic
nanocrystals[ J ]. Angewandte Chemie International Edition, 2011, 50 (48): 11312-11359. DOI; 10. 1002/anie.
201101274.

ZENG Xiaojun, HU Xudong, SONG Hanbin, et al. Microwave synthesis of zeolites and their related applications
[J]. Microporous and Mesoporous Materials,2021,323:111262-111280. DOI:10. 1016/j. micromeso. 2021. 111262.
TOMPSETT G A,CONNER W C,YNGVESSON K S. Microwave synthesis of nanoporous materials[ J]. Chemp-
hyschem,2006,7(2):296-319. DOI:10. 1002/cphc. 200500449,

EDDY L.XU Shichen, LIU Changhao,et al. Electric field effects in flash joule heating synthesis[ J]. Journal of the
American Chemical Society,2024,146(23):16010-16019. DOI:10. 1021/jacs. 4c02864.

GOTI G,MANAL K,SIVAGURU ]J,et al. The impact of UV light on synthetic photochemistry and photocatalysis
[J]. Nature Chemistry,2024,16(5) :684-692. DOI.10. 1038/s41557-024-01472-6

JIN Fan, WEI Min, LIU Chengbu.,et al. The mechanism for the formation of OH radicals in condensed-phase water
under ultraviolet irradiation[ J]. Physical Chemistry Chemical Physics,2017,19(32):21453-21460. DOI;10. 1039/
c7cp01798g.

NOVITA T H,KADJA G T M. Hydroxyl radical-regulated crystallization of hierarchical H-ZSM-5 at low temper-
atures for palm oil conversion into high aromatic green gasoline[ ]J]. Bioresource Technology Reports, 2024, 26 ;
101867-101877. DOI:10. 1016/j. biteb. 2024, 101867.

CHENG Peng, FENG Guodong, SUN Chang, et al. An efficient synthetic route to accelerate zeolite synthesis via
radicals[ J . Inorganic Chemistry Frontiers,2018,5(9):2106-2110. DOI;10. 1039/C8QI00441B.

GHAANI M R,KUSALIK P G,ENGLISH N ]. Massive generation of metastable bulk nanobubbles in water by
external electric fields[]]. Science Advances,2020,6(14) :eaaz0094. DOI.10. 1126/ sciadv. aaz0094.

TAKAHASHI M,CHIBA K, LI Pan. Free-radical generation from collapsing microbubbles in the absence of a dy-
namic stimulus[J]. Journal Of Physical Chemistry B,2007,111(6):1343-1347. DOI1:10. 1021/jp0669254.

i

(REERE: wih—  RXHEK: XHE

2

)

https://hdxb. hqu. edu. cn/





