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Abstract: High-silica ZSM-5 zeolites with different morphologies were synthesized using ZSM-5 zeolites
with silicon to aluminum ratio (the mole ratio of SiO, to Al,O;) of 300 as seed crystal and ammonium
acetate as regulator. The influence of ammonium acetate addition amount on morphologies and
hydrophobicity of high-silica ZSM-5 zeolites were analyzed via XRD, SEM, XRF, N, adsorption-
desorption and water contact angle instrument. The effect of morphologies on hydrophobicity and toluene
adsorption performance of ZSM-5 zeolites were evaluated with static and dynamic adsorption experimental
device. The results showed that, when the addition amount of ammonium acetate was 0, 5% and 10% of
amount of substance of SiO,, high-silica ZSM-5 zeolites with coffin-shaped, hexagonal-plate and
rod-shaped morphology could be obtained, respectively, with the high-silica ZSM-5 zeolites with
rod-shaped morphology (ZSM-5-0.1) displaying the strongest hydrophobicity with a hydrophobic index of
8.36 and a water contact angle of 35.05°. The water vapor and toluene adsorption of ZSM-5-0.1 were the
least affected by relative humidity, under relative humidity of 50%, 80% and 100%, the dynamic saturated
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adsorption capacity of water vapor was 0.66%, 0.92% and 1.15%, respectively. In addition, under relative

humidity of 80%, gaseous hourly space velocity of 10000 h™!, the breakthrough adsorption capacity of

ZSM-5-0.1 for toluene at mass concentrations of 4000 and 2000 mg/m’® was basically equivalent (0.053 and

0.051 g/g), and the diffusion rate of toluene in ZSM-5-0.1 was the least affected by water vapor, and its

diffusion rate constants were 0.145 and 0.133 min ', respectively. The adsorption process conformed to the

Y-N model.

K ey words. morphology; high-silica ZSM-5 zeolites; hydrophobicity; adsorption and purification technology;

toluene; functional materials
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Fig. 2 XRD patterns of high-silica ZSM-5 zeolites
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Fig. 3 SEM images of high-silica ZSM-5 zeolites
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Fig. 4 Nitrogen adsorption-desorption isotherms (a) and
pore size distribution curves (b) of high-silica
ZSM-5 zeolites
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zeolites with different morphologies
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ZSM-5-0.05 337.51 143.15 0.191 0.10
ZSM-5-0.1 335.79 154.52 0.190 0.11
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Fig. 5 Water contact angle of high-silica ZSM-5 zeolites
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Table 2 Physical parameters and static adsorption data of
high-silica ZSM-5 zeolites
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ZSM-5-0.1 357 FRR 55  1.68 14.05 8.36

MFE 2 ATIAES, ZSM-5-0, ZSM-5-0.05 .

ZSM-5-0.1 EA ML B 2aEm LIt (345~369), H
PR 7V R R o 2 B A A U7 ARoR G B L B 3 i
F&f%, HP) ZSM-5-0. ZSM-5-0.05 [ ZSM-5-0.1 fiiki
Kl 1.6, 3.0, 5.5, LS ZSM-5-0,
N BCIR B S B ZSM-5-0.05 AT AR B S Y
ZSM-5-0.1 19 # 25 7K 180 T Bf £ 43 501 2 3.15%

2.16%FN 1.68% , T H 2 (14 1t 25Vl 40 W8 - AR fR -5
AR XAEFR, BRSSO KR 2R A SR AL i
FRE B AN AETE T S MR, A B 52 43 0 TR 30 43
SOX S AR R R B B s, 551 A B K S B0k
W43 0 B B KM o PR R 4 F 4% (10.60 nm )
5 ZSM-5 43F i i FLIE RSF A 24 1, 78 ZSM-5 43
T rr 3 S A O R AL AL N L RS O
DAL 1 B 19 53 b g e E X R R 1 g o s vy, LU
53 0 T S % FR 2R 0 R O o i R AN, (R
DK AT BT S sg e, ik, BEE fh K T8
WY G, B RE ZSM-5 4 T O R R K F8 B
(4.40~8.36 ) B e, RUIEfE ZSM-5 711 i
BLKPEYGERE . AT UL, AP AR AR, BRI ARLAY K TE
F X i ZSM-5 43 F- i A0 i K Pk B 8 R 52 )

2.3 W HEREIEM
231 KRAADESRH

P 6 A i ik ZSM-5 43 2EAS [l AH X i A% 1
BB IK ZE SRR B A

M zsmso
ﬂ?ﬂlﬂ 351  EEZSM-5-0.05
Byl EEzsMsol
=
§ 25
E20
ﬁ L5¢
T 1ot
0.5f
50 80 100
SR BE/%
K6 mifik ZSM-5 43 T 7EAN R AR X BE 26 AF T i sh 2
K A& U R B

Fig. 6 Dynamic water vapor saturation adsorption capacity
of high-silica ZSM-5 zeolites with different
morphologies under different relative humidity
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Table 3 Dynamic adsorption properties of high-silica ZSM-5
zeolites for toluene under different relative
humidity

HAXHEEE A 0
Fffit B ff]/min bt B
I(gle)  /(g/g) N(glg)  /glg)
ZSM-5-0 51 0.055 0.078 43 0.042 0.066
ZSM-5-0.05 51 0.053 0.078 45 0.048 0.072

ZSM-5-0.1 54 0.057 0.079 50 0.053  0.075

FAXIEE o 80%

[#] /min
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(a) 12000 mg/m® (b)) (10 FH 28 i il 2
Fig. 8 Breakthrough curves of high-silica ZSM-5 zeolites

for adsorption of toluene with mass concentrations
of 4000 mg/m’ (a) and 2000 mg/m’ (b)

ME 8 AILLIE H, 1E 4000 F1 2000 mg/m’ [ H
HKIFEWE T, ZSM-5-0, ZSM-5-0.05 Il ZSM-5-0.1
f 25 3% th 2R AL, {HAE 2000 mg/m?> B B 2 5 ok i
T, BT B I A 1) R B R (R, 2%
B, BeRt, BRI ZSM-5-0. AR
f) ZSM-5-0.05 FIFFIRIE 5 1Y ZSM-5-0.1 [ 25 175 B 1]
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SRIIEKZ 66, 78 1 95 min, {H F 2 114 25 17 W ff &t TR BE AR, B hE ZSM-5 431 114 F 2 2555 W
PR R, 43904 0.035, 0.044 F10.051 g/g; i T FT K W B A AR 22 S v o, H AR T S
HHHEMK, ZSM-5-0. ZSM-5-0.05 il ZSM-5-0.1 ZSM-5-0.1 4307 0 F R e B i F R de /b, X i
Y 7K R B 2 RS I, i = 0.029., 0.013, HePE 4000 F1 2000 mg/m? fit) FF 4 55575 W B L AR A1
0.006 g/g (£ 4) . T 4000 mg/m® {1y 5 fFi i 24 FHK W R e /b, L g A SR A 5 i
WeRE, 2000 mg/m?® [ FF R R SR A P ARTETE S B X, TEMXTHRE 80%&M T, HxRY
1) ZSM-5-0 . AN ABCIRAY ZSM-5-0.05 FIFFIRTE S 1Y IKAFAE S W B, Bl R T S MR R A, FOR
ZSM-5-0.1 PR ZEFE W T 205 FRE T 16.67%. 5K sE G M BT, K 25 o s 5 22 0 5 R ffE
8.33%F11 3.78%, 7KW/ K T 164%. 117% a5, TS8R R KV B4 40 O AT 2 5 51 R I 0 2 3 /)N
A1 50%. FWIFEAH AR BE 41, Bl FE A ff) Ry 811290

4 FEE ZSM-5 3O A AN [R] F A e vk B AR T I Sl A I B

Table 4 Dynamic adsorption properties of high-silica ZSM-5 zeolites for adsorption of toluene with different mass

concentrations
FH 2 5 B MR BE O 4000 mg/m’ FR 2 5 B vk BE R 2000 mg/m’
i M SEEWME EARE KR EETE EEWME MR KR
/min (g/g) (g/g) (g/g) /min (g/g) (g/g) (g/g)
ZSM-5-0 43 0.042 0.066 0.011 66 0.035 0.052 0.029
ZSM-5-0.05 45 0.048 0.072 0.006 78 0.044 0.065 0.013
ZSM-5-0.1 50 0.053 0.075 0.004 95 0.051 0.071 0.006

i L, B XA FEIE S ERE ZSM-5 0 F i B 2000 mg/m® &R, ZSM-5-0, ZSM-5-0.05 FlI
TEAS [V AF Ko 40 B 0 P 28 o T BBE 4 1 AW R PERE ZSM-5-0.1 AUE TR B R0 B B b, [
YR B, BE ST IIES AR, B SRR FE H = K 2 BN AR T B9 ZSM-5-0 . o i ARCIR 9
BRI, KPR W o, X Y 2 B W B Az ZSM-5-0.5 . FFAREY ZSM-5-0.1, BEHIKSIETEL 5
RO VR B AR B s e e/ o BRI, BT e HORTE S0t L i B AR ZSM-5-0.1
AR T L FPIRIE S A S e ZSM-5 A Tl IE A 6 R A I B A2 K 2 A i s, HOU R R
TR AR AR B R A I e 4000 F1 2000 mg/m> 4 B A4 B HIGHE 5 5043 31 0

9 M FI A Y-N AL 5 ik ZSM-5 431 X 0.145 1 0.133 min',
2RI B 20 th £k (HIXHBIE 80% ) MR, #

5 R ELIRILA SR 5k ZSM-5 4306 A ) ST R HUOR B Y-N R
UUE VR 2
10_vZSM—5—04000mg/m’$:2E ) Table 5 Parameters of Y-N model of high-silica ZSM-5
M ﬁiﬁiﬁiﬁj‘l’iﬁgg‘iﬂ";ﬁ‘?ﬁf v ’ zeolites for adsorption of toluene with different
08l ;:x-;—géoggo%lg/;’ffx mass concentrations
A ZSM-5-0.1 2000 mg/m?FI % P FR AR RE 9 4000 mg/m® i EHABE 2000 mg/m?
- liTi]
< 0.6 t/min  x/min”"' R 7/min  x/min”" R?
QU
0.4 ZSM-5-0 64 0.149 0.992 99 0.113  0.991
02 ZSM-5-0.05 75 0.142  0.992 106 0.116  0.997
' ZSM-5-0.1 81 0.145 0.985 116 0.133  0.994
0 20 40 >_ 80 100 120 140 160 \
B /min 3 it
B9 ik ZSM-5 4% A [ BT vie B HH 2R 4R 2 NI sy .
e XA e B A TS 2 B A, B R L
Z NS NI A SR= = 5/ 1
Fig. 9 Fitted breakthrough curves of high-silica ZSM-5 BOARFIFRRIE L9 5k ZSM-5 350«
zeolites for adsorption of toluene with different (1) BE CREMA S BIREM, ke ZSM-5 45
mass concenrations T SLEMEK . 2 n(CH,COONH,) :

NP9 A 5 WTLAEH, WM SEWMIEG (S0 =0.1 - LI, HIF K ZSM-5-0.1 S BFPRIE
SRS Y-N BG4, MRRE (R ¥1>0.98, B, RSP 1.2 pm x 0.22 pumx0.10 pm.,
HAEE T H 2 Bk By 4000 mg/m’, 7 RS R vk (2) B SRES BB, ik ZSM-5 43 F
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i (R K PR B s . FRRIESRAY ZSM-5-0.1 Y5
MR, BKIEEGA T 8.36, KIEEMLA N 35.05°,
TEAXT IR E 50% . 80%F1 100% 5514 T 3l 287k 25 <L
FI B2 3R 0.66% . 0.92%F1 1.15%.

(3)ANEFESR I iE ZSM-5 4307 1 F A€ g fhf
5t 359 37 AR BE 3G KR B R B, R RRIRE
S ZSM-5-0.1 FI ORI AR fh e/ o FEAH X B
80%MF, 25 7 W BFF o . R O e A A B o
4 0.053. 0.075 Fi1 0.004 g/g.

(4) EMXTIEE 80%H, A [E T 51 1 & fik
ZSM-5 43T %t B EE W B 2000 mg/m® A FfF
RE S B R R, H MR e 22 5 R ORI 6 vk
4000 mg/m® i B @ 380, HerP AT ARIE 5L 1 ZSM-5-0.1
X Y 24 0 o ) R R e /0N, JE 2R I B L AR T
A2t R W B350 4 0,051, 0.071 £ 0.006 g/g.

(5) FEAHXRE 80%HT , ik ZSM-5 43 iifi X}
JE AR EE 4000 12000 mg/m?® F A (1 5l 25 W% et
PIfFA Y-N A, HFRRIES ZSM-5-0.1 1 B2 Y
PR Z K ZE A M i/, L BGH R 50 B
9 °0.145 1 0.133 min',

ARSCWFFE R, FRIRTE 36 B9 = ik ZSM-5 430
FE R AR | R EE A9 Tl VOCs Wt ik .75
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