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Abstract: A new kind of uniform hollow zeolite spheres were successfully synthesized by non-hard template syn-
thetic method, which involves two key steps: firstly, the conventional hydrothermal synthesis process of zeolite
spheres by using polyethylene glycol (PEG) as soft template, and then, the rapid post-alkaline-etching (PAE) technique.
Structural features were characterized by XRD, N, isotherm, SEM, and TEM. The performance in the or-
ganic-waste-water treatment and catalytic cracking of bulky molecules were also measured. It was found that crystal-
linity of the product underwent a reducing tendency after alkaline etching treatment, but the mesoporosity and pore
volume were promoted. The diameter and shell thickness of hollow zeolite spheres were about 600 nm and 100 nm,
respectively. Moreover, such hollow structure demonstrates remarkably a threefold capability increase in adsorption of
benzene molecules in methanol solution if compared with conventional zeolite spheres. Such capability can be basi-
cally kept after repeating 6 times, indicating high capability and stability in adsorption. Enhanced catalytic activities
were also approved in cracking of isopropyl benzene and triisopropyl benzene.
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Fig. 1 XRD patterns of zeolite spheres (ZS) and hollow zeo-

lite spheres (HZS)
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Fig. 2 N, isotherms and pore size distributions (inset) of zeo-

lite spheres (ZS) and hollow zeolite spheres (HZS)
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Fig. 3 SEM images of zeolite spheres (a, b) and hollow zeo-
lite spheres (c-f)
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Tablel Textural and structural properties of zeolite
spheres(ZS) and hollow zeolite spheres(HZS)

3 Sort™  Smeso Voore)  Vineso'!

Sample Al content BzET_l rr;eso_l pgre ' m;so_1
1% (m*g™) (m"~g™) (cm*g™) (cm>g™)

ZS 1.74 347 152 0.21 0.09
HZS 2.01 335 167 0.37 0.29

a: measured by ICP testing; " calculated by BET, t-Plot and BJH
method, respectively
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Fig. 4 TEM images of zeolite spheres (ZS) and hollow zeolite
spheres (HZS)
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Fig. 5 Adsorption dynamic curves of benzene by zeolite
spheres (ZS) and hollow zeolite spheres (HZS) in methanol
solution

7 B Bk (ZS) A 2% 9 A Rk (HZ.S) £ 2% R s i b
TR B S 2E ik . LA, RA a1
7 PN 2R TR L A Bt B4 120.8 mglg, 2924 5 K
Iy FIRTHER (44.2 mglg)if) 3 fif . R WIAER 1) P 25
Gh R AT LA I B B R

PR 3 RO 2R R B et i T o 1
THTRER, T R, T g ROk IA 2 T AR
BRISE, 70%HIW B S fEAVER L 20 min FRI[A] P SE R,
e HIEA BAE 2 h Pk SR B, peah, HaRmg p
AL T T TR PR A (1) 50% (254.7 mglg), iRk
FRR A e 2 AR AT AR AR T K IX — i, oy
T IRHHORONT ZR 1) BA AR B 2 e i R o

MR B 4530 2 (] 6) n] LAt EAH ] 1 P fli
FETR, oS oy Rk () W B AR AR T A T
sk, I FLIS 2R BT 2 5, HTE H AR AR
W B PR B, Xk R AR, 7R AR A ) 6 1 TR B
FIREAT 784 A S, A HLE K R 2R B 45 T
%o I HHP 2500 1 0 AR Xt 25 1K) W B 8 1 1 11 289
VLA 2R, U I LB AL 0 W B 3 A
W o 14D T R T A S

h T IR A4y T ORI PR A R AR e I, R B
TR0 1) 37 s B ORI P 25 0 7 i ek 20 T M s 1
UAEH, B E AT B R UM A AR . 1L
o TR ERIE AT 6 a, LR A E T %Y
10.8%, 1 T =¥ 43 1 O Ak K IR R B AR B R AIC T
12.6%(Kl 7), WIEAHLT . DLW EAIR B m A
ek, o L o ek 2 T R R S 43 O O S
SRS PO R SRR/ TL L = NN ) | (P8
TP B RS 1 IR A B R

120
100

80

0./ (mgg")
2

40

20

1
0 10 20
C./ (mmol-L™")

K6 A 1ok g mh s A 201 O e 0 R 45 2k
Fig. 6 Adsorption isotherms of benzene by zeolite spheres
(ZS) and hollow zeolite spheres (HZS). C, is the equilibrium
concentration in the benzene/methanol solution and Q. is the
amount of benzene adsorbed at equilibrium concentration



55 8 34

, AL AR ZSM-B g3 1 i R S W AR AL T e 839

0100 HH

E:; 8017 i £ ===.

: 7

£ -

2 40 /// Y

i H
0 AI izl HH

=2

K7 WA 1O b s A 20 O SRR R W B A
Fig. 7 Adsorption stability testing results of zeolite spheres
(ZS) and hollow zeolite spheres (HZS). Relative adsorption
amount is the ratio of adsorption amount in the single cycle to
the adsorption amount in the first cycle

ASHE N TEM WS T 2 UL 5 s
I3 TG ORI 2 e (1] 8) o VR AT AR A B K Rk il 2,
RIBIIAEMEI JE MR ORFF 228, JF T RIS 4R
R 1 IR 14 RO Z B, R0y
T CER A5 R AT B (R R E
2.4 fELIERED

SR S A 0 = e A R R 2R PR AT DA AR S
Wb 2 o IR I REAL TR RE . ER(R 2)KF,
AT B 23 G5 A4 (K] MFL 5 SRR S P AR = 57
R 2 BAT — € RS T, JF H BB I (1 T
W BT, R ERRAA T MR AL
Heg, A5 S AT IR (97 A S ] 2 ik 1) 5 2 1) R T IR 1
Ao TS MEL 531 G BRI P b 240 5 1) 22 488 I
S A8 JE 7S B v A REAG TS 1, PRLE T DU, 3
RRVEAT A Dy #efih . U ZAR M, =5 AK
Ir T PR RTRER, AUBEAE 5> 1 0 IR A0 4 TR AE A
EREAT R, D =S R RS T, BB

Broken sphercs

Ir N

8 A A TIRAERAE ORI AT S 1K TEM B Bob 1
TH DR A

Fig. 8 TEM images and electron diffraction patterns (insert)
of hollow zeolite spheres (HZS) after cycle use
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Table2 Catalytic properties of zeolite spheres (ZS) and
hollow zeolite spheres (HZS) in cracking reaction

L Conversion in triiso-
Conversion in cu-

Reaction mene cracking /% p[:?ZZII(ki)rng/;Se
Catalyst ZS HzS ZS HZS
573 K 55.1 66.9 12.6 34.8
623 K 72.6 80.2 27.6 50.0
673 K 82.7 90.0 39.9 61.1
723K 88.8 94.3 51.0 725
773K 92.2 97.3 61.0 78.4
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Table3 Selectivity of products by zeolite spheres (ZS) and
hollow zeolite spheres (HZS) in cracking reaction of TIPB

Selectivity of benzene: isopropylbenzene:

Reaction diisopropylbenzene

Catalyst ZS HZS
300 11: 20: 69 13:23: 64
350 15: 18: 67 16: 22: 62
400 19:19: 62 19: 24: 57
450 22:25:55 25:26: 49
500 28: 30: 42 28:33: 39
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