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Fig. 2 SEM images of membrane surface
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Fig. 3 SEM images of membrane cross-sectional
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Fig. 6 (a) Static water contact angle and (b) surface free energy of HNTs/PDMS membranes

SR B VA T RS ) A R 1 95 35 i
WA TR o B E R BT
() 7T(DW AL K HNTs st 193 in . ABE 4
OB R A BN, BS54l PDMS . AR
Iy BT - BA W LA Bk - BT A BVE L i L
IK RIS 43 B 40 22 8] (0 AR AR A 52 1 T o) s
B iEYE. h3 1 AL, M T 7K, PDMS 5 ABE
ML o5 FE 2 8 H 3. PDMS 5 ABE 4 43 &
BRI L 43 1O A B 5 TR R 5 K 2 )R
P g a0 T D R AR R P BB . e R
(R4 D00 A5 09 T T B8 3% 8 £, B HNTs/

PDMS i B A it 5 1935 1E T Bk BE. BE%E HNTs
WAL (30, 7K 38 5 A [] B 34 m. i & b F
HNTs i N i3 K T8 & Y 5 8 1 % J 12
HNTs 8] AR ABE 21431 B XK (0915 335 35
ﬁ%ﬁ*&j’ﬁﬁﬁ. o 1 alJL, K sh 2 5B
(2.96 A)/NT ABE 4 53 9 38l J1 2% B #& (4. 3~
4.9 R) KA FAEAE BB I b 1 15 35 T UK. Y
HFE R B0 T 1020, HNTs 7RI Bl i A
T it B il 75 7K 98 32 2 I 35 3G, DA T BORE 3
PERRE. 25 [Tk, 78 5 2L 52 4 vh, HNTs 38 78 i
AN 10%.



51 BEIEE e 5 . HNTs 378 PDMS A il 8 K Hs3 85 ABE- /K& R SR + 59 .
2000F 50F
(b)
= 1600 40t
g -
"2 1200} % 30l ®
& —— P
EEH 800+ (ii 20 —— IETHEE
¥ 400} ol
Ot 0L . . . .
0 5 10 15 20
HNTs 5t 5350/ %
700 F
— 600}
2
g 500t
£~
= 400}
s 300}
%)
@ 200f
100 F
0 b $p—t . : - ol— - - : :
0 5 10 15 20 0 5 10 15 20
HNTs 55740/ % HNTs i #5348/ %

K7 HNTs $HFE R HNTs/PDMS JBE B ALHERER 20
Fig. 7 Effects of HNTs loading on pervaporation performance of HNTs/PDMS membranes

(a) permeation flux, (b) separation factor, (c) permeability, and (d) selectivity

Operating conditions: feed temperature, 40 “C; Feed composition: 0. 6% acetone, 1. 2% n-butanol, 0. 2% ethanol
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Fig. 8 Effects of feed temperature on pervaporation performance of HNTs/PDMS-10 membranes
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Table 2 Energy analysis for molecular permeation

of HNTs/PDMS-10 kJ/mol
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Table 3 Comparison with literature data for pervaporation performance of HNTs/PDMS membranes prepared in this study

in separating model acetone-n-butanol-ethanol (ABE) solution at 55 C
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Preparation of HNTs filled PDMS membranes for the separation
of ABE from aqueous solution

LU Jiaojiao, MAO Heng , WANG Tao, CAI Weiwei, ZHAO Zhiping
(School of and chemistry and Chemical Engineering, Beijing Institute of Technology,
Beijing 102488, China)

Abstract: Halloysite nanotubes (HNTs), as one of the naturally tubular materials, have great potential in
the field of membrane separations, due to the unique one-dimensional lumen tube with open-pore endings.
In this study, a series of mixed matrix membranes (MMMs) were prepared by incorporating HNTs into
polydimethylsiloxane (PDMS) matrix through physical blending for pervaporation separation of acetone-
butanol-ethanol ( ABE) from aqueous solution. Chemical composition and microstructures of the
membranes were characterized in detail. The effects of HNTs loading, feed temperature, and testing time
on the pervaporation performance of the resultant membrane were investigated. The results revealed that
the HNTs had good compatibility with PDMS matrix, and the HNTs were uniformly dispersed in PDMS
matrix. The addition of HNTs increased the water contact angle of the membrane from 1100 to 1310,
while the surface free energy was reduced significantly. As a result, the selectivity of the membrane about
ABE from aqueous solution was enhanced. Meanwhile, the high permeability of the resultant membrane
was achieved arising from the one-dimensional open-pore lumen (diameter, 15~25 nm) of HNTs, which
constructed a fast diffusion channel with low transfer resistance for penetrants. The total permeation flux
of the resultant membrane reached about 1368 g/(m? « h) in separation model ABE solution at 55 °C, and
the separation factor of n-butanol was 38. 2. Notably, the resultant membrane had good long-term stability
and selectivity during the 100 h continuous operation for ABE recovery from aqueous solution.

Key words: pervaporation; halloysite nanotubes; polydimethylsiloxane; mixed matrix membranes; ABE
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