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Development of nanofiber membrane with ultrahigh porosity for wet classification of
polydisperse nanocolloids
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The electrospun nanofiber membrane has extremely high water permeation rate and
is effective in the separation of the ultrafine particles in liquid. In addition, the pore size of the
nanofiber membrane decreases with a decrease in the fiber diameter, resulting in the improvement of the
particle retention performance.

When the nanofiber membrane is applied to classification of the colloidal particles, the larger particles
are retained by the 3D nanofiber network and the smaller particles can pass smoothly through extremely
porous space. Thus, the nanofiber membrane is a suitable sieving medium for classification of the
colloidal particles.

By applying stirred filtration, the deposition of larger particles is excluded and consequently the
passage of smaller particles is enhanced, and its effect is maximized at a certain stirring rate. In
addition, it is effective to adjust the pH value to the alkaline condition where both colloidal particles
and the membrane are more negatively charged.




(2)
1)
6
PSL
2
PMMA PSL
2
@® 1
(2)
SEM
kg
4 R
€Y ‘ ) \\
1
(4)
pH
(2)
1)
de 2 de
Dt
de 0.4 pm 1.2 um
Df 5 6
Dr
1) de
Wi
nm




14

1.2 -

d, [um]

w; = 1.0~3.5g/m?

0 1 1 1 1
80 100 120 140 160 180
D; [nm]
2
(2) PSL
PSL
R 3 R Ds
0.100 pum 0.143 um
90 nm 125 nm
0.9
4
SEM

100 120 140 160 180
D; [nm]

(3)2
2
Tsmall
Tsmall 1
0 2
5 pH 11
Tlarge
Tsmall
\"
1.0 T
Small sPiAsM=A5 -
0.8 particle p'H " pp 1
o p=20kPa
B 061 B0 VF i
= ® O Nanofiber
% 04 b
= |
| Large
0.2 particle u
0 o —{Oo—{ro{Ho+—Ho—
0 20 40 60 80 100 120
v [cm]
5
4)
(d@rdv)
v 6 2 pH
6
[1] [2]
pH 5.5
pH 11
d_@z d_@ exp(Kiv)
v {adv ),
o 2 de
dv K, av J,



pH 5.5
pH 11
pH 11
SEM 7 10
\"
=40, 150 cm > Small
0.8 particle i
v=300cm ™ Nanofiber
SEM 5061 PMMA i
R ss=si=5ppm o W pH55
. p=20kPa O,0 pHM
5041
|_
12 T T T T T T T Large
@ pH55 Nanofiber 0.2 particle
10 r PMMA f
O PH1  g=5ppm 0
T 8f p=20kPa 1 0 20 40 60 80 100 120 140 160
% — Calculated v [cm]
2 6l |
> ockin ake
g fBiIItrat‘?ong atthion 8 pH
© 4 0 T T T T
2 Blocking -10 T
filtration
0 | 1 | | | | | _20 B
0 20 40 60 80 100 120140 160 . =30 r
v [cm] E 40
NS
6 -50
-60 [
-70
-80
2
9
®) 2
pH55 pH11 Tharge (6) pH 11 2
Tsmall \" 8
pH Tsman
W
pH 5.5 10
pH 11 1
6
pH
55
11 5 ppm
pH 11 SEM
W
10, 11
9
0.5um,1.0um PMMA
PMMA
pH
8 (7 12 2
pH55 pH11 ppm @
Tsmall \"
w=0
0.2 04




1.0 5 T T T T
08 1
T 06 b
5 O si=5ppm
i B s=10ppm
045 Nanofiber i
PMMA
L ss=10ppm B
02 pH 11
p=20kPa
0 1 1 1 1 1

0 02 04 06 08 1.0 1.2
w (=psiv) [mg/cm?]

11
o =120, 250, 500, 600 rpm
o = 500, 600 rpm
0.7 0.9
® =700, 800 rpm
2
(3]
12 Tsmail 13
[0
13
® =500 rpm
1.0 T T S -
O @=120rpm

¥V ©=250rpm |

O ®=500rpm
& ©»=600rpm

0.2 pPsL N

Ssmall=slarge=2ppm v m=700rpm

p=19|6kPa 1 | A m=|800rpr’|n

0 1 2 3 4 5 6
v [cm]

12

1.0 ; | :
PSL
p=196kPa Ssmal=Siarge=2PPM

0.8}
- 06 [
[
= 0.4}
02F W\—
20ppm
0 1 1 1
0 200 400 600 800
o [rpm]
13

[1] Hermia, J.: Constant Pressure Blocking
Filtration Laws - Application to Power-
Law Non-Newtonian Fluids, Trans.
IChemE, 60, 1982, 183-187

[2] Ruth, B. F.: Studies in Filtration. I1I.
Derivation of General Filtration
Equations, Ind. Eng. Chem., 27, 1935,
708-723

[3] Mukai, Y., E. Iritani and T. Murase:
Fractionation Characteristics of Binary
Protein Mixtures by Ultrafiltration, Sep.
Sci. Technol., 33, 1998, 169-185

Mukai, Y. and A. Takahashi: Evaluation
of Classification Performance of
Colloidal Particles Through Nonwoven
Nanofiber Cloth, Proceedings of the
12th World Filtration Congress, .
2016, L12-4

, 2015
) , 2015, 34-37

Mukai, Y. and A. Mizuno: Preparation
of Iron Ferrocyanide-Supported Nano-
fiber Membrane for Purification of
Cesium-Contaminated Water, Journal
of Water Resource and Protection,

, 6(4), 2014, 249-255
DOI: 10.4236/jwarp.2014.64030




WEB Journal, , 139, 2013, 25-28

Mukai, Y. and A. Takahashi: Evaluation

of Classification Performance of

Colloidal Particles Through Nonwoven

Nanofiber Cloth, The 12th World

Filtration Congress (WFC12), 2016 4
15, Taipei (Taiwan)

, 2015,
2015 11 25 24

Mukai, Y.: Fundamental Characteris-
tics of Filtration and Classification of
Fine Particles in Liquid by Electrospun
Nanofiber Membrane, 2015 AIChE
Annual Meeting, 2015 11 11 , Salt
Lake City (USA)

, 5
,2015 10
22

Mukai, Y., A. Takahashi and Y. Bando
Application of Nanofiber Membrane to
Classification of Fine  Particles
Dispersed in Water, Nanofibers2015,
2015 10 16 , Tokyo (Japan)

68 ,2015 6 6

, 2015
, 2015 5 20 ,

80 ,2015 3 21

Takahashi, A. and Y. Mukai: Funda-

mental Properties of Classification of

Colloidal  Particles by Nanofiber

Membrane, The 10th International

Conference on Separation Science and

Technology (ICSST14), 2014 10 31
, Nara (Japan)

46 ,2014 9
18

2014,2014 5 30 ,

Mukai, Y., K. Takiguchi and E. Amano:
Relationship  between  Preparation
Conditions of Nanofiber Membrane and
Filtration Performances of Particle
Suspensions, Filtech 2013, 2013 10
22 , Wiesbaden (Germany)

66 , 2013

5 31 ,
2013 , 2013
5 22 ,
4
, 2

, 2014, 116-120

1 2 l
2013, 41-70

, 14
, 2013, 689-693

HP —

http://www.nuce.nagoya-u.ac.jp/L6/sub1.ht

HP —

http://www.nuce.nagoya-u.ac.jp/L6/sub2.ht

MUKAI, Yasuhito



