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Synthesis of zeolite MCM-22 by vapor-phase
transport method from different silica sources

Mu Zhi-jun® Li Ying-xia® Chen Biao-hua® Li Cheng-yue' Cao Gang’
(1. The Key Laboratory of Science and Technology of Controllable Chemical Reactions, Ministry of Education, Beijing
Universty of Chemical Technology , Beijing 100029 ; 2. Yanshan Petrochemica Corporation, Beijing 102500, China)

Abgtract : Well-crystallized MCM-22 has been synthesized by a vapor-phase trangoort (V PT) method usng three different
dlica ources. Theproducts were characterized by meansof powder XRD , SEM , and the effect of varying the slica ource
with different BET surface area on the structure of the dry inorganic gd and the crystdlization behavior of MCM-22 was
invegtigated. It wasfound that in the course of the dry ge preparation only partid framework structure unit wasformed.
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A novel method of the syntheds of zeolites via
the converson of the parent gd was developed by Xu
et al!*lin 1990 —the vapor-phase trangport (V PT)
method , which has been used in the synthedsof vari-
ous types of zeolites induding MFII*2 | FER!?!
BEA®! MOR™ and © on. Compared with the hy-
drothermal synthetic (HTS) method, the VPT
method isof great importance to practica application
and has some advantages: when its crystaline period
isequivaent to the traditiona rotating synthess, the
products have higher crystalinity and the consump-
tion of templates and Na* islower. Zeolite MCM-22
wasfirst synthedzed viathe VPT method by S. Ina
gaki et all®! with fumed slica used as the only slica
ource. In thispaper, wel-crysalized MCM-22 was
syntheszed usng different slica ources via the VPT
method. Particularly , the influence of different slica
urceson the product was discussed.

The process of synthess of MCM-22 included
the following two steps: the preparation of parent gel
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and the synthessof zeolite MCM-22. The parent gel
was prepared by mixing gppropriate amount of <odi-
um aluminate (96 % puring, Al;Os 41 %, NaO
37 %) or duminum sulfate (99 %) , sodium hydrox-
ide (96 %) , deionized water and one of the dlica
urces: dlicic acid (H,90s, AR) , dlicagd (90,
40 %, NaO 0.4 %, H,O 58 %) and sodium dlicate
(90,20 %, NaO 20 %) . The mixture [ molar ratio :
n(S02) n(Al;03) n(Na') n(H,0) =1 x vy
44] was dried at 393 K for 12 h ater being stirred at
the aging temperaturefor 1 4 h by a hot water bath.
Dried gel powder (0.8g) was placed in a Teflon cup
in which the template and deionized water were
poured as a source of seam at the bottom of the ves
«l. Crysadlization of the dry gel went on at 423 K for
3 9d. The products were washed, dried at 393 K
overnight and calcined in air at 813 K for 10 h. The
calcined samples were characterized by powder X-ray
diffractometer (D/ Max 2500, Rigaku) , fidld-emis
son SEM (LEO-435 VP) and BET micromeritics
(ASAP 2010) and the crystdlinities were determined
by comparing the intensty of the mgor XRD peak
(inthe @ range 25° 27°) with that of ardativeful-
ly crystdline reference sample.

The XRD patterns of the typicd samples pre-
pared by the VPT and HTS methods using slicic acid



2 MU Zhi-jun et al : Synthedsof zeolite MCM-22 by vgpor-phase trangport method from different slica ources - 7 -

as dlica source are shown in Fig.1. Fig. 1(b) corre-

a. HTS
b. VPT
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Fg.1 XRD patternsof typica samples cacined
inar at 813 Kfor 10h

sonds quite well with that given in the Refl®! | and
the diffraction peak at 26.01°is remarkable. Comr
pared with Fig. 1 (a) , there are two diminutive
diffraction humps at both 14. 72°and 20. 91° , which
are indiginguishable by the traditiond synthess
method(Fig. 1(a)) and the tip width of each peak is
narrower. These results indicate that products pre-
pared by the VPT method have higher crystadlinity
than those prepared by the HTS method. The com-
parioon in the morphologies between the products
synthesized by the VPT and HTS (under the rotating
oondition) methodsis shownin Fig.2 and 3. Usualy

Fg.2 SEM for the crystalized products prepared by
the VPT method at 423 K for 5d

the zeolite crystalizes as thin sheetsor platesof shock
layersabout 2 34 mlong, which are an agglomerate
of thin plates. On the other hand, zeolite MCM-22
prepared by the HTS method gopears in the form of
round, thin and interpenetrating platelets with a di-
ameter of 14 m.

The efect of the dlica ource on the crygallizar

Fig. 3 SEM for the crystalized products prepared by the

HTS method at 423 K for 5d dter agng 2h at 313 K
tion of zeolite MCM-22 was tested through three dif-
ferent dlica ources. A pure zeolite MCM-22 was ob-
tained from all three dlica sources, and the crystaline
period was much shorter compared with that of the
traditional static HTS method. However , different
slica sources correponded to different overal crys
taline periods. It took 6 daysto obtain 99. 3 % zeolite
MCM-22 from the sodium dlicate parent gal with the
highest secific surface area (S =342.1m%* g). The
dlicic acid parent gel (S = 133.6 m% g) produced
MCM-22 with the highest crystalinity (98 %) ater 7
days The colloidd dlica parent ge had the lowest
exific surface area of 117.1 m?/ g, and its crystal-
lization was completed in about 5 days. The crys
talinity increased with time during the first severa
days until it reached the highest crystalinity, ater
which other phase would be produced. The optimal
crystdline period lasted from 5 to 7 days.

The key to the synthess of MCM-22 is the
preparation of parent gal by the VPT method. More
over , me polymers with a particuliar structurd unit
during this procedure make a higher crystalization
rate compared with the static condition , and the crys:
talinity isimproved than that prepared by the rotat-
ing synthess.

In concludon, highly crystalized zeolite M CM-
22 can be obtained by the VPT method with different
dlica ources and the crystalization of raw materias
could be completely accomplished. Sodium dlicate is
first used to prepare crystalized pure zeolite MCM-
22. The consumption of templates and Na* is much
lower than that in the hydrotherma syntheds. These
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results show a promisng progect to reduce the cost
inindustrid production of zeolite MCM-22.
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Simulation of catalytic combustion flows in honeycomb reactors
Jieo Guo-feng Liu Hui YangLi-ying Li Chengyue
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Abstract : Reactive flow characteristics of a honeycomb cataytic reactor were studied under reaction conditions
with the catalytic combustion of methane as the modd reaction. A two-dimensonal reactor modd including the
balance equationsof mass, heat and momentum trangort is lved by utilizing a CFD method. Based on the snt
ulation results, the effectsof the process parameters such asfeed compostion, inlet velocity and inlet tempera
ture on the reactive flows were investigated. The results show that under the smulated conditions, the velocity
profilesin channel s are parabolic asin the case of laminar flows. Comparion of the mode prediction with eval u-
ated vaues of the conventiona Hagen- Foiseuille equation shows that the Hagen Poiseuille equation under-esti-
mates val ues of pressure drop in al smulated cases, while the relative deviation, around 40 % in most cases, is
highly related to the converdon degree and rate of reactionsof interest.
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