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Fig. 1. Photographs of the reactors as well as the heating tools used for the synthesis of zeolites. a, The Teflon-lined autoclave.

b, The air-circulating oven. ¢, The tubular reactor. d, The oil bath.
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Fig. 2. Ultrafast synthesis of SSZ-13 in the tubular reactor. a, XRD patterns for the ultrafast synthesis of SSZ-13 in the tubular
reactor (the circles denote the peaks of gibbsite, and all other peaks are due to CHA). b and ¢, SEM images for the

SSZ-13 seed and the SSZ-13 product synthesized for 10 min, respectively.

L TH 725 DR B G wb AL IR o0 S AL SRR 1Y
TholzZ LIFHKREW, HRELTHOT 2104
TSSZ-1I3DEWNTKI L7ze 72, B SN/zSSz-
BIEREWAREAMALEL A L, NOxiF LG & LT
BELT VEZTSCREIBIIBWT, WL ~Nv
DSSZ-13 L HFEDOPIREEH T 5 Z LW 5 2212
&of:o

3.3 Silicalite-1 & DFER

Figure 3 |2 Silicalite-1 & J& ® #% % % /R 75 Sili-
calite-1 13 & B FORHE A 2> & W EERS S AT H - 7k
B LT A7z, UL 7B Ok PE I
100% T& %o > T, Figure 3a TIZ A IR IZ%F
ThREMEOTay bTirA L, SIEHREOINED
ZAb % /R L CTWwhb, Figure3a & 0 A K 1054121
PALZZSiD ) B T70-80% D3GR A F 1,
—EBERoTWwb, TabbiEMibid105 THT
L7222 FEHRL TV, Figure 3blZI3ffH L 7-7f
b dh, Figure 3¢ 123 A W O SEM G L % /R §,
200 nm #EBE D FEAE AR L, 10451213 500 nm
BED 7 742y A% Silicalite-1 23% H LT W

LT eV B FETRENME LT, ZORMENK

EHEOKEX SHET LD, SiHOMIEICL > T
HZALT 5510 ~10' nmvh T E ST 5 Z & 23 5
W 5 720 BARIIIZIX 104518 7C 200 nm O Ff 5% 5
A35umEFCTHET L E V), BAEOHELD D
Z LRGSR E AT LS S LA S AT o
7o @il (190-210C), b bHIEFHED R IR
BIZBWT RIS 2 B E RGO
WHRTHBEEZ TS, B, SSZ-13EHK &
U<, FEAESTRIN, i 2SS b 2 M H T
HbHIERRL, HwBRAHIARHO/SI0 DD B
CLEBLNIIL TS, AL TIEEEEOBIN
MO F A NVNADREIMEE 210C & LTS 25,
L) ERICTIEE 5 % 5 BEEEEAFEIC R 5
LEZTWAh,

4. FINIJT4RT1— hOBSEERY
FROTHEZH, TVI )7+ A 72— EF S
A P OREESHKIZOWTOHAE L 720 5L AIPO-
5& L7z AIPO-S B RO IFEHIKIZ 1.0A1,05 1 1.0P,0s :
LOTPAOH : 50H,0 & L 720 F 72, Flfh fh 1 10 wt% %



(23) Vol. 33, No. 1/2 (2016) 23

80- .
60
2
o 40
2
=
20
O-I ¥ T ¥ T v L
0 5 10 15

synthesis period / min

Fig. 3. Ultrafast synthesis of silicalite-1 in the tubular reactor. a, Yield curve for the ultrafast synthesis of silicalite-1 in the
tubular reactor. b and ¢, SEM images for the silicalite-1 seed and the silicalite-1 product synthesized for 10 min,

respectively.
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Ultrafast synthesis of AIPO4—5 in the tubular reactor. a, Crystallinity curves for the ultrafast synthesis of AIPO4—5 in

the tubular reactor. b and ¢, SEM images for the AIPO4—5 seed and the AIPO4—5 product synthesized for 1 min,

respectively.
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Fig. 5. Continuous flow synthesis of crystalline microporous materials. a, Flow chart for the continuous flow synthesis of

AIPO4—5. b, Flow chart for the continuous flow synthesis of SSZ-13.
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Fig. 6  Ultrafast tuning of nano-sized zeolites. a, Scheme for the ultrafast tuning of nano-sized zeolites by combining bead

milling and fast recrystallization in the tubular reactor. b, SEM image of the micro-sized SSZ-13 obtained in ultrafast
synthesis. ¢, SEM image of the milled SSZ-13. d, SEM image of the nano-sized SSZ-13 after 10 min recrystallization

in the tubular reactor.
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Zeolites and zeotype microporous materials have conventionally been synthesized through hydrothermal
treatment under batch operation, which suffers from disadvantages such as time-consuming and low-energy
efficiency. Considering the wide applications of zeolites and zeotype materials, developing an efficient synthesis
route is of high significance. The emergence of ultrafast synthesis on the order of minutes has offered an opportu-
nity to pave the way for overcoming the drawbacks of long-time hydrothermal treatment. Continuous flow
synthesis of zeolites has also been established, thanks to the ultrashort synthesis period. In this review, we sum-
marize our recent progresses on the ultrafast syntheses of zeolites and zeotype materials, including aluminosili-
cate zeolite (SSZ-13), purely siliceous zeolite (silicalite-1) and aluminophosphate (AIPO,~5). The method of
ultrafast synthesis is deeply discussed on the basis of individual material. Thereafter, the continuous flow synthe-
ses of AIPO4—5 and SSZ-13 are described, through which we provide our concepts on how to develop a
continuous flow synthesis. Ultrafast synthesis can also be combined with the bead milling technique, which
creates an efficient way to tune the particle size of zeolites. This top-down method for ultrafast tuning of

nanosized zeolites is then discussed.
Key words: fast synthesis, continuous flow synthesis, zeolite, rapid heating, seed, nano particles
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