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Preparation technology and application progress of
solution blown nanofibers

WANG Hang' > ZHUANG Xupin' > DONG Feng' > SHI Lei' ° KANG Weimin' >
XU Xianlin® CHENG Bowen'
(1. State Key Laboratory of Separation Membranes and Membrane Processes Tianjin Polytechnic University

Tianjin 300387 China; 2. School of Textiles Tianjin Polytechnic University Tianjin 300387 China)

Abstract In order to further promote the solution blowing process and provide valuable theoretical and
practical reference to many researchers preparation mechanisms and fundamental research of solution
blowing process and the applications of solution blown nanofibers home and abroad were reviewed. The
preparation mechanism and process research of solution blowing process were compared with those of melt
blowing and electrospinning and it is shown that the solution blowing process has the characteristics of
wide application and high production efficiency. Furthermore nanofibers with some special morphological
structures could be prepared by the development of novel solution blowing process which was reviewed
based on the perspective of fiber morphology and structure control. Finally the application prospects of
solution blown nanofibers including medical materials filter materials electrode materials and diaphragm
materials were introduced. Meanwhile the shortage of current development and the future perspectives
for solution blowing process were prospected.

Keywords solution blowing; nanofiber; electrospinning; morphology of fiber

SR
! ~ ~ \ ~N 4 ~ 5 ~ 6 ~
7 8 .
12017 08 - 11 12018 - 03 - 29
(51473121) ; (16PTSYJCO0110 17JCYBJC17200)
(1990—) . .

E-mail: bowenl5@ tjpu. edu. cn.



* 166 *

39

Fig. 1

Medeiros

1 9-10
( PMMA) .
( PS)
1

Schematic diagram of solution blowing process

10 1-12
2
13-14
12
o Han "
16
o Sumit "7
18
( overlap
(:()ncentrati()n)
* 19-20
c
¢ =6"M,/ 8N, (R
2M
R = o5, (2]
0

‘M. AN



7 . 167 -
, R? o 8. 3
, M, y L N (
o 95% ) 0
Srinivasan !
o AY N ( Al
) o
Zhuang °
0 35C
45 C
3 PVDF
’ Fig.3 Comparison of solution blown and electrospun
” / PVDF nanofiber. ( a) Solution blown nanofiber;
Zhuang (b) Electrospun nanofiber
(2w ) i
5- / ( ES100)
o Benavides ~ *
Liang °
’ 28
2010
25
2 o 3
Tutak "
- Bolbasov ~ *
- ( VDF-TeFE)
) 0
. . . T . Medeiros %
Fig.2  Solution blowing spinning die and equipment.
(a) Spinning state of multi-needle solution blowing die;
(b) Solution blowing equipment for use in laboratory
Sinha 7' / 6



« 168 - 39
Ju 32
Gonzalez 33
( TiO,) .
N - Hoffman
( PVA) 34 35-36 37
38 -39 40 41
42
s Bolbasov % VDF-TeFE
Zhuang o
Tomecka + ( PLLA)
(PU)
(260 ~1 900 nm) . PS
o Paschoalin 46 PLA/
/ ( PEO) PEO ( PEG)
160 ~ 960 nm
. . o Xu ® /PLA/PEG
( PAN) .
- Bonan 47
PLA/
( PVP) o Lin *
/
. ( PVA)
o Tang 81% -
s 3.2
o « Shi ¥ 6
93.5%
3 30. 35 Pa
- Lee 50
6
N o 5 cm?
0.3 ~4 L/hoSumit 20 ~ 50
nm
~ ~ S S 200 nm
o 52
3.1 146 ~532 nm ( PMIA)



* 169 -

3.3
53
54
10
PAN
: PAN
608.7 S/cm;
500 mA/g 70 Fl/g.
55
Zn0
56
( SiC)
3.4
39 42
Kolbasov
( N N N
. )
Wang >
o 10 mg
300 min 25 mL Cr( VI) (5 mg/L)
o Tong »
6( PA6) PVA
( BSA)
379.43 mg/g. Tao

% KOH

2921.263 m’/g

2.714 em’ /g

60
Mercante

( PMMA)

3.5

61 -62
o

63 - 64

( Nafion)

40 -41 66

67

Zhuang
( SPEEK)
CNFs
0. 48%
(80 C 100% )
SPEEK

65

Wang
( PVDF) ( SPES)
SPES/PVDF

Naifon 1/500.

PVDF

Nafion 2 8

( BSCCO)

251.6 mg/go.

698.51 mg/g.

65

( CNFs)

41. 6%
CNFs
—SO0,H

70
o Cena

Bi,Sr,Ca, Cu,0

x



* 170 - 39
BSCCO PVP Application progress of electrospun nanofiber thin
films J . Chinese Polymer Bulletin 2010(9): 42 -
BSCCO/PVP . o1

10

o FZXB

HUANG Z ZHANG Y Z KOTAKI M et al. A review
on polymer nanofibers by electrospinning and their
applications in nanocomposites J . Composites Science

and Technology 2003 63( 15) : 2223 —2253.

J. 2012 28(10):

170 - 173.
LI Yan ZHOU Zhinan QIU Tianbao. Composite

nanofibers prepared by electrospinning J . Polymer

Materials Science and Engineering 2012 28 ( 10):
170 - 173.

I. 2010(9) : 42 -51.
LI Mengmeng ZHU Ying YANG Dayong et al.

11

14

/ ) 1.
2016( 1) : 25 -33.
XU Huaizhong CHEN Huanhuan LI Xianglong et al.
Centrifugal spinning. a high-efficient approach to
fabricate micro—~/nano-fibers ( Part 1) J . Technical
Textiles 2016( 1) : 25 -33.
EGUIZABAL A SGROI M PULLINI D

Nanoporous PBI membranes by track etching for high

et al.
temperature PEMs ] . Journal of Membrane Science
2014 454: 243 -252.

GUAN Yingshi QIN Yueke SUN Yuanhui et al.
Donor-acceptor co-assembled supramolecular nanofibers
with high and well-balanced ambipolar charge transport
properties under ambient conditions J Chemical
Communication 2016(52) : 4648 —4651.

MEDEIROS  Eliton S GLENN  Gregory M.

KLAMCZYNSKI Artur P et al. Solution blow spinning:
a new method to produce micro-and nanofibers from
polymer solutions ] Journal of Applied Polymer
Science 2009( 113) : 2322 -2330.

YU Jian H FRIDRIKH Sergey V. RUTLEDGE Gregory
C. Production of submicrometer diameter fibers by two—
fluid electrospinning J . Advanced Materials 2004
16(17) : 1562 - 1566.

ZHUANG Xupin YANG Xiaocan SHI Lei et al.
Solution blowing of submicron-scale cellulose fibers J .
Carbohydrate Polymers 2012 90(2) : 982 -987.

JIA Kaifei ZHUANG Xupin CHENG Bowen et al.
Solution blown aligned carbon nanofiber yarn as

Journal of Materials

2013 24 (12):

supercapacitor electrode ]
Science: Materials in Electronics
4769 —4773.

POLAT Y PAMPAL E S STOJANOVSKA E et al.
Solution  blowing  of  thermoplastic  polyurethane
nanofibers: a facile method to produce flexible porous
materials ] . Journal of Applied Polymer Science
2016 133(9): 43025.

TUTAK W SARKAR S LIN Gibson S et al. The
support of bone marrow stromal cell differentiation by
airbrushed nanofiber scaffolds J . Biomaterials 2013
34(10) : 2389 —2398.

BEHRENS A LEE N G CASEY B ]
Biodegradable-polymer-blend-based surgical sealant with

Advanced

et al.

body-temperature-mediated adhesion ]
Materials 2015 27(48): 8056 —8061.
YUANS LIZ SONGL SHIH etal. Liquiddnfused
poly( styrene-b-isobutylene-b-styrene) microfiber coating
prevents bacterial attachment and thrombosis J . ACS
Applied Materials & Interfaces 2016 8(33): 21214 -



171 -

15

16

17

18

19

20

21

22

23

24

25

26

21220.
HAN W XIE S SUN X et al. Optimization of airflow

field via solution blowing for chitosan/PEO nanofiber

formation J . Fibers and Polymers 2017 18( 8):
1554 - 1560.

D . : 2010:6 -26
SHI Lei. Study on the forming mechanism and
application of solution blown nanofibers D . Tianjin:
Tianjin Polytechnic University 2010:6 —26
SINHA Sumit SINHA Suman YARIN L et al.

Theoretical and experimental investigation of physical
mechanisms responsible for polymer nanofiber formation
2015 56: 452 -

in solution blowing J . Polymer

463.

D . : 2015:4 - 15.
TANG  Dingyou.

applications of nanofibers via electrostatic-induction—

Study on the generation and
assisted solution blow spinning D .
Polytechnic University 2015:4 —-15.
GRASSLEY W. Polymer chain dimensions and the

dependence of viscoelastic properties on concentration

Tianjin: Tianjin

molecular weight and solvent power ] Polymer

1980 21(3): 258 -262.

FLORY P VOLKENSTEIN M. Statistical mechanics of
chain molecules J 1969 23 (5):
699 -1700.

SRINIVASAN  Siddarth  CHHATRE Shreerang S

MABRY Joseph M. Solution spraying of poly ( methyl

Biopolymers

meth-acrylate) blends to fabricate  microtextured
superoleophobic surfaces J . Polymer 2011 14(52):
3209 -3218.

ZHUANG X SHI L ZHANG B et al. Coaxial solution
blown core-shell structure nanofibers for drug deli-
very J . Macromolecular Research 2013 21 (4):
346 —348.

BENAVIDES R E JANA S C RENEKER D H. Role
of liquid jet stretching and bending instability in
nanofiber method J
Macromolecules 2013 46( 15) : 6081 —6090.

LIANG F FANG F ZENG J

three-dimensional micro-nanofiber structures by a novel

AIP Advances

formation by gas jet
et al. Fabrication of

solution blow spinning device J

2017 7(2): 25002.

. 201110041792.3 P : 2011 -
05 -25.
JIAO Xiaoning ZHUANG Xupin CHENG Bowen et
al. A preparation method of polymer nano/micro fiber
nonwovens. 201110041792.3 P : 2011 -05 -25.

. 201410150476.3 P : 2017 -05 -17.

27

28

29

30

31

32

33

34

35

36

37

ZHUANG Xupin CHENG Bowen TANG Dingyou et al.
A die for solution blowing process. 201410150476.3 P :
2017 -05 -17.

I 2016 ( 10) :
10218 - 10224.
LI Chao YU Junrong WANG Yan et al. The research
on PMIA nanofibers via solution blow spinning J .

2016 ( 10) : 10218 —

Journal of functional materials

10224.

2015 36(10) : 17 -23.
LOU Huiqing XIN Changzheng XU Zhizhong

Influence of airflow field distribution and polymer

et al.

solution jet motion on morphology of solution-blown
fibers J . Journal of Textile Research 2015 36( 10) :
17 -23.

BOLBASOV E N STANKEVICH K S SUDAREV E
A et al. The investigation of the production method
influence on the structure and properties of the
ferroelectric nonwoven materials based on vinylidene
fluoride—etrafluoroethylene copolymer J Materials
Chemistry and Physics 2016 182: 338 -346.
MEDEIROSE L. G BRAZ A L. PORTO 1]

Porous bioactive nanofibers via cryogenic solution blow

et al.

spinning and their formation into 3D macroporous

scaffolds J . ACS Biomaterials Science & Engineering

2016 2(9) : 1442 - 1449.
SINHA S ZHANG Y YARIN AL et al Solution
blowing of soy protein fibers J . Biomacromolecules

2011 12(6) : 2357 -2363.
JUJ KANG W DENG N

characterization of PVA-based carbon nanofibers with

et al. Preparation and

honeycomb-ike porous structure via electro-blown
spinning method J
Materials 2017 239: 416 —425.

GONZALEZ M HERNANDEZ A GUERRERO C et
al. Mesoporous titania nanofibers by solution blow
spinning  J of Sol-Gel
Technology 2017 81(2): 468 —474.
CHENG B TAO X SHI L et al. Fabrication of ZrO,
ceramic fiber mats by solution blowing process J .
Ceramics International 2014 40(9): 15013 -15018.
ZHUANG Xupin JIA Kaifei CHENG Bowen

Preparation of polyacrylonitrile nanofibers by solution

Microporous and Mesoporous

Journal Science and

et al.

blowing process J . Journal of Engineered Fibers and
Fabrics 2013 8(1):88 -93.
YANG Xiaocan CHENG Bowen SHI Shaojun

Preparation of carbon nanofibers by solution blowing

et al.

process J . Journal of Modern Textile Science and
Engineering 2013 4(1): 17 -26.
YAN G ZHUANG X TAO X et al. Solution blowing



* 172 ¢

39

38

39

40

41

42

43

44

45

46

47

48

of silicon carbidse nanofiber and its thermal stab-
ility J . Science of Advanced Materials 2013 5(3):
209 -215.

XU X ZHOU G LI X

et al. Solution blowing of

chitosan/PLA/PEG  hydrogel nanofibers for wound
dressing J . Fibers and Polymers 2016 17 (2):
205 -211.

TONG Junying XU Xianlin WANG Hang et al.

Solution-blown core-shell hydrogel nanofibers for bovine
serum albumin affinity adsorption J . RSC Advances
2015 5: 83232 -83238.

WANG H ZHUANG X LI X
sulfonated poly ( ether sulfone) /poly ( ether sulfone)

et al. Solution blown

nanofiber-Nafion composite membranes for proton
exchange membrane fuel cells ] . Journal of Applied
Polymer Science 2015 132(38): 42572.

WANG Hang ZHUANG X TONG J
blown SPEEK/POSS nanofiber-nafion hybrid composite
membranes for direct methanol fuel cells J . Journal of

132(47) : 42843.

et al. Solution—

Applied Polymer Science 2015

2016(6): 6 —11.
ZHANG Fang XU Xianlin WANG Hang

Fabrication of polyethylenimine nanofibers for bilirubin

et al.
affinity adsorption J . Shandong Textile Science and
Technology 2016(6): 6 —11.

TANG Dingyou ZHUANG Xupin ZHANG Chan et
al. Generation of nanofibers via electrostatic-induction—
assisted solution blow spinning J . Journal of Applied
Polymer Science 2015 132(31): 42326.

HOFFMAN K SKRTIC D SUN J et al. Airbrushed
composite polymer Zr-ACP nanofiber scaffolds with
improved cell penetration for bone tissue regenera—
tion J . Tissue Engineering Part C: Methods 2015
21(3): 284 -291.

TOMECKA E WOJASINSKI M JASTRZEBSKsA E et
al  Poly ( Lactic acid)

fabricated by solution blow spinning as potential

and polyurethane nanofibers

substrates for cardiac cell culture J . Materials Science
and Engineering C 2017 75: 305 -316.
PASCHOALIN R TRALDI B AYDIN G

Solution blow spinning fibres: new immunologically inert

et al.

substrates for the analysis of cell adhesion and moti—
lity J . Acta Biomaterialia 2017 51: 161 —174.
BONAN R BONAN P BATISTA A et al. Poly( lactic
acid) /poly ( vinyl pyrrolidone) membranes produced by
solution blow spinning: structure thermal spectroscopic
and microbial barrier properties J . Journal of Applied
Polymer Science 2017 134( 19) : 44802.

LIUR XU X ZHUANG X et al. Solution blowing of
chitosan/PVA hydrogel nanofiber mats J . Carbohydr
Polym 2014 101: 1116 —1121.

49

50

51

52

53

54

55

56

57

58

59

60

SHI . ZHUANG X TAO X
nylon 6 nanofiber mats for air filtration J . Fibers and
Polymers 2013 14(9): 1485 - 1490.

LEEJG KIMDY MALIM G et al. Supersonically
blown nylon-6 nanofibers entangled with graphene flakes
Nanoscale 2015

et al. Solution blowing

for water purification ]
7(45) 1 19027 —19035.

SUMIT Sinha+ay SUMAN Sinharay YARIN A L et
al. Application of solution-blown 20 — 50 nm nanofibers
in filtration of nanoparticles: the efficient van der Waals
collectors J . Journal of Membrane Science 2015

485: 132 -150.

I
( ) 2017 43(2): 175 -179.
LI Chao YU Junrong WANG Yan

properties  of solution blowing Poly ( m-phenylene

et al. Filtration

isophthalamide) nanofibers membrane J . Journal of

Donghua University ( Natural Science Edition) 2017

43 (2): 175 -179.

I 2012( 11) : 2158 -
2166.
FENG Xiaomiao LI Ruimei YANG Xiaoyan et al.
Application of novel carbon nanomaterials to
electrochemistry J Progress in  Chemistry
2012( 11) : 2158 —2166.

J. 2011( 15): 21 -26.

JIN Yu YAO Hui CHEN Minghai et al.
Electrospinning application in supercapacitors ]
Materials Review 2011( 15): 21 -26.

SHI'S ZHUANG X CHENG B et al. Solution blowing
of ZnO nanoflake-encapsulated carbon nanofibers as
electrodes for supercapacitors J . Journal of Materials
Chemistry A 2013 1(44) : 13779.

ZHAOY KANGW LIL etal. Solution blown silicon
carbide porous nanofiber membrane as electrode
materials for supercapacitors J . Electrochimica Acta
2016 207: 257 -265.

KOLBASOV A SINHA-RAY S YARIN A L

Heavy metal adsorption on solution-blown biopolymer

et al.

nanofiber membranes J Journal of Membrane

Science 2017 530: 250 -263.
WANG N CHEN Y REN ]

conductive polyaniline/polyimide microfiber membrane

et al. Electrically
prepared via a combination of solution blowing and
subsequent in situ polymerization growth J . Journal of
Polymer Research 2017 24(3): 42.

TAO X ZHOU G ZHUANG X et al. Solution blowing
of activated carbon nanofibers for phenol adsorption J .
RSC Advances 2014 5(8): 5801 —5808.
MERCANTE L A FACURE M LOCILETO D A et



* 173 -

61

62

63

64

65

al. Solution blow spun PMMA nanofibers wrapped with
reduced graphene oxide as an efficient dye adsor—
bent J . New Journal of Chemistry 2017 41(17):
9087 —9094.

J . 2016( 12) : 2486 —
2488.
WANG Hang ZHUANG Xupin WANG Liang”an et
al. Progress in nanofiber composite proton-exchange

membranes ] Chinese Journal of Power Sources

2016( 12) : 2486 —2488.

. SPES/Si0,

J.

2016(2) : 197 -203.
WANG Hang ZHUANG Xupin NIE Fawen
Preparation and properties of composite proton exchange
membranes based on SPES/SiO, hybrid nanofiber J .
Acta Polymerica Sinica 2016(2) : 197 —203.
SOOD R CAVALIERE S JONES D et al

Electrospun nanofibre composite polymer electrolyte fuel

et al.

cell and electrolysis membranes J .
2016 26: 729 -745.
LEEJ KIM N LEE M

nonwoven /Nafion

Nano Energy

et al. SiO,-coated polyimide

composite membranes  for proton

exchange membrane fuel cells J . Journal of Membrane
Science 2011 367(1/2): 265 -272.
WANG H TANG C ZHUANG X Novel

et al.

66

67

68

69

70

structure  design  of composite proton  exchange
membranes with continuous and through-membrane
proton-conducting channels ] Journal of Power
Sources 2017 365: 92 -97.
XU X LI L WANG H

sulfonated poly ( ether ether ketone)

et al. Solution blown
nanofiber-Nafion

composite membranes for proton exchange membrane

fuel cells J . RSC Advances 2015 5(7): 4934 -
4940
ZHUANG B ZHUANG X P CHENG B et al.

Carbonaceous nanofiber-supported sulfonated poly( ether
ether ketone) membranes for fuel cell applications J .
Materials Letters 2014 115: 248 -251.

WANG H MA'Y CHENG B

biofunctionalized poly ( vinylidene fluoride) nanofibers

et al. Solution blown

for application in proton exchange membrane fuel
cells J . Electrochimica Acta 2017 258: 24 -33.

J. 2014 29(4): 95 -100.
WU Xingchao

and application

LI Yongsheng XU Feng. Development
of HTS materials ]
Development and Application of Materials 2014
29(4) : 95 -100.

CENA C R TORSONI G B ZADOROSNY L
BSCCO superconductor micro/nanofibers produced by

status

et al.

solution Ceramics

International 2017 43(10) : 7663 —7667.

blow-spinning technique J



