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Table 1 The intrinsic transport parameters including water permeability coefficient, solute permeability coefficient,

and structure parameter of the fabricated TFC FO membranes

A/(Lem?+h'+MPah) B/(L*m*+h" S/pm
PSf-PA 10.242.3 0.052+0.011 392442
PS{-CNTs-PA 11.7+1.6 0.057%0.015 378+36
trade -off . , CNTs
PSf-CNTs-PA PSf-PA
: 55.18%, 33.27 L/
(m® » h)(1 mol/L NaCl R
,PRO ), 7 26.63% .

O. 047 g/149

[1] Lau W J, Ismail A F, Misdan N, et al. A recent pro-
RO »1 mol/L NaCl , gress in thin film composite membrane: A review[]].
6 TFC FO Desalination, 2012, 287. 190—199.
Fig. 6  Selectivity (J,/J,)comparison of the fabricated [2] Shaffer D L, Werber ] R, Jaramillo H, et al. Forward
TFC FO membranes osmosis; Where are we now [J]. Desalination, 2015,
356 271—284.

3 [3] Chung T S, Zhang S, Wang K Y, et al. Forward os-
mosis processes: Yesterday, today and tomorrow[]].

Desalination, 2012, 287, 78—81.
[4] Cath T Y, Childress A E, Elimelech M. Forward os-

pPst TFC CNTs

mosis: Principles, applications, and recent develop-
’ ments[J]. J Membr Sci, 2006, 281(1/2), 70—87.
’ [5] Wang Y N, Goh K, Li X S, et al. Membranes and

s processes for forward osmosis-based desalination: Re-



40 -

38

[6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

cent advances and future prospects[]J]. Desalination,
2018, 434.81—99.

Hoover L. A, Phillip W A, Tiraferri A, et al. Forward with
osmosis: emerging applications for greater sustainability[]].
Environ Sci Technol, 2011, 45 (23): 9824—9830.
Klaysom C, Cath T Y, Depuydt T, et al. Forward and
pressure retarded osmosis: potential solutions for global
challenges in energy and water supply[J]. Chem Soc
Rev, 2013, 42 (16): 6959—6989.
Ansari A J, Hai F 1, Price W E, et al. Forward osmo-
sis as a platform for resource recovery from municipal
wastewater — A critical assessment of the literature
[J]. ] Membr Sci, 2017, 529: 195—206.

Martinetti C R, Childress A E, Cath T Y, High recov-
ery of concentrated RO brines using forward osmosis
and membrane distillation[ J]. ] Membr Sci, 2009, 331
(1/2): 31—39.

Wang Q, Gao X L, Zhang Y S, et al. Alleviation of
water flux decline in osmotic dilution by concentration
— dependent hydraulic pressurization[ J]. Chem Eng
Res Des, 2017, 117. 593—603.

Yip N'Y, Tiraferri A, Phillip W A, ez al. High perform-
ance thin-film composite forward osmosis membrane[ J .
Environ Sci Technol . 2010, 44 (10):3812—3818.

Ren J, McCutcheon J] R. A new commercial thin film
composite membrane for forward osmosis[ J]. Desali-
nation, 2014, 343, 187—193.

Song X X, LiuZ Y, Sun D D. Nano gives the answer:
breaking the bottleneck of internal concentration polar-
ization with a nanofiber composite forward osmosis
membrane for a high water production rate[J]. Adv
Mater, 2011, 23(29): 3256 —3260.

Wang J J, Yang H C, Wu M B, et al. Nanofiltration
membranes with cellulose nanocrystals as an interlayer
for unprecedented performance[ J]. J Mater Chem A,
2017, 5(31): 16289—16295.

Wu M B, LvY, Yang H C, etal. Thin film compos-
ite membranes combining carbon nanotube intermediate
layer and microfiltration support for high nanofiltration
performances[ J]. J Membr Sci, 2016, 515; 238—244.
Zhu Y C, Xie W, Gao S, et al. Single-walled carbon
nanotube film supported nanofiltration membrane with
a nearly 10 nm thick polyamide selective layer for high-
flux and high-rejection desalination[ J]. Small, 2016,
12(36): 5034—5041.

Zhao X Z, LiJ, Liu C K, A novel TFG-type FO mem-

brane with inserted sublayer of carbon nanotube net-

(18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]

[26]

(27]

works exhibiting the improved separation performance
[J]. Desalination, 2017, 413. 176—183.
LiuZ Y, An X C, Dong C H. er al. Modification of
thin film composite polyamide membranes with 3D hy-
perbranched polyglycerol for simultaneous improve-
ment in their filtration performance and antifouling
properties[ J . ] Mater Chem A, 2017, 5 (44): 23190
—23197.
Tiraferri A, Yip N Y., Straub A P, et al. A method
for the simultaneous determination of transport and
structural parameters of forward osmosis membranes
[J]. J Membr Sci, 2013, 444 523—538.
shosh A K. Hoek E M V. Impacts of support mem-
brane structure and chemistry on polyamide-polysul-
fone interfacial composite membranes[J]. ] Membr
Sci, 2009, 336(1/2): 140—148.
Huang . W, McCutcheon J R. Impact of support layer
pore size on performance of thin film composite mem-
branes for forward osmosis[J]. J Membr Sci, 2015,
483, 25— 33.
Jimenez-Solomon M F, Gorgojo P, Munozlbanez M,
et al. Beneath the surface: Influence of supports on
thin film composite membranes by interfacial polymeri-
zation for organic solvent nanofiltration[ J]. J Membr
Sci, 2013, 448, 102—113.
Karan S, Jiang Z W, Livingston A G. Sub-10 nm pol-
yamide nanofilms with ultrafast solvent transport for
molecular separation[ J]. Science, 2015, 348 (6241):
1347—1351.
Yan H, Miao X P, Xu J, et al. The porous structure
of the fully-aromatic polyamide film in reverse osmosis
membranes[ J|. ] Membr Sci, 2015, 475: 504—510.
Zhang X Y, TianJ Y, Ren Z J, et al. High perform-
ance thin — film composite (TFC) forward osmosis
(FO) membrane fabricated on novel hydrophilic disul-
fonated poly (arylene ether sulfone) multiblock copoly-
mer/polysulfone substrate[ J]. J Membr Sci, 2016,
520: 529—5309.
Liang H Q, Hung W S, Yu H H, ez al. Forward os-
mosis membranes with unprecedented water flux[J]. J
Membr Sci, 2017, 529 47 —54.
Han G, Zhao B W, Fu F J, et al. High performance
thin-film composite membranes with mesh-reinforced
hydrophilic sulfonated polyphenylenesulfone (sPPSU)
substrates for osmotically driven processes [J]. ]
Membr Sci, 2016, 502 84—93.

( a7 )



3 : o A7 .

Hydraulic permeability of electrospun fibrous membranes

CAI Jingcheng ,SUN Ruisong ,ZHANG Zhihao ,GUO Fei

(School of Energy and Power Engineering, Dalian University of Technology, Dalian 116023, China)

Abstract: Polyacrylonitrile (PAN) fibrous membranes with various fiber diameters were fabricated by
electrospinning. The hydraulic permeability with various flow velocities was tested on the lab scale unit
and analyzed based on Darcy's theory and Happel’s model. The relations between fiber diameter, porosity,
flow rate, and compressibility were studied. The results indicated that the electrospun membranes
experience an increase of fiber diameter and decreases of porosity and hydraulic permeability with the
increase of the flow velocity. This was due to the increasing fiber slippage and fiber-fiber contact at a
higher pressure by the flow-induced compression. The hydraulic permeability and porosities of the PAN
membranes with smaller fiber diameters were smaller than that of the membranes with greater fiber
diameters over the range of test pressures.

Key words: hydraulic permeability; fibrous membrane; electrospinning; porosity

1000000000000 00> 0> 000000 0> 0000000 0> 00> 0> 00> 00> 0> 00> 0> 0000000

( 40 )
Preparation of high performance TFC FO membranes with the CNTs interlayer

ZHOU Zongvyao'®, HU Yunxia®, LI Jingiang®,
WANG Qun*, AN Xiaochan'®, WANG Ping*

(1. CAS Key Laboratory of Coastal Environmental Processes and Ecological Remediation, Yantai Institute
of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China;

2. State Key Laboratory of Separation Membranes and Membrane Processes, National Center for
International Research on Membrane Science and Technology. School of Materials Science and
Engineering, Tianjin Polytechnic University, Tianjin 300387, China;

3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: To fabricate high performance thin film composite forward osmosis membrane with great
permeability and selectivity, an ultrathin CNT film was spray coated on the polysulfone membrane support
and the polyamide was synthesized on top of the CNT interlayer to achieve TFC FO membrane. The
results showed that the TFC FO membrane with the CNTs interlayer provided a favorable surface to helps
to optimize the structure of the TFC FO membrane. The selective permeability of the TFC FO membrane
was greatly improved. PS{-CNTs-PA FO membrane achieved an excellent water flux of 33.27 L/(m?* «
h) ,raising by 55. 18% compared with PSf-PA FO membrane without a CNTs interlayer; specific reverse
salt flux of the PS{-CNTs-PA FO membrane was 0. 047 g/L, decreasing by 26. 63 %.

Key words: forward osmosis membrane; TFC membrane; interlayer; carbon nanotubes



