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Fig. 1  Stress strain curves for various membranes
The SWNT-to-PU weight ratio is 1: 100 in the composite
membranes (b and ¢). (Reproduced with permission from

Ref. [12]; Copyright 2004 American Chemical Society )
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Fig. 2 CV curves of pure GNS, CF and CNF/GNS
electrodes at sweep rate of 100 mV s ' ( Reproduced with

permission from Ref. [22]; Copyright 2012 Elsevier)

B T b C o 3R 30 k3R Rk, S+
(MMT) JZIRAEE ALY (LDH) 3Ri% 4 (HNT)
ER YRR TR TR AR YR
BRI A, EER TS IR e M
A S/ NGy F 3 AR % H . 2002 4F, Fong 25 1 Ik
OB T B 25 227545 MMT/ JE B 9ok A 4i 58 4
FHRE, % BUE B i MMT 5 J2 75 J8 T 25 4 S 4k o
W S, 25, Wang 2824 S 4 T LT 48
i HBR-H 2L N 1R 3 R ) [ poly ( MMA-co-
MAA) J/MMT 49K 5 45 25 2, #1351 MMT B )2
Urerdething Y9510 A, H MMT 25 T R 593k
PRy IFRE M B S AR IR, A5
B MMT A& Lok, DA & Pl Kok 1 5
R W ET A LA (R] ) AL 1A ELVE T e 2 B A1
12 RS 25, LDH A HNT 1 5 HH.
A 12yt A S AR MR SRR e TR
25 12 P 2 BA AR 4 5 A MR RAYL
Nt , LDH {5 g — S B 85 1 52 00k + 41k, T2

BL A LR A P BT 34 646 /2 2 LDH JZ[H];
1M HNT 2 i aE 4R IR £ A )2 8 1 4 i i e sl nd 2%
TALHY B FEL L PR 1 L Y 2SR ES A e it
E LA SRS () P NS R = N N (R )
. M, LDH 5 HNT w4/ J 45 % ) 2 AR F T4
£ B A B 2 S A S, A A R G 22 1
AR5 R G WAL 4524 BB, AT ff e gl oK
R FHE M Z 1 B ks Ye 48 n) . [ LDH 5
HNT #B8 2 A R GF 09 A WA 250, SO b o0 AR
NGRS 4 A W A AR LT 4 g
W, Qi 4 DL HNT Sy 25 ¥y k1K, i 25 28 26 1
HNT/ZLIR-F 5 QLR R mi il & T 2 &
YKL 4, HNT 5 & RIZ5 Y far /R AR 2 1
AP 2 R AR, 3X PP L 47 21 4k s A R A )
POk B 1) B 25 N 21 20 T A5 A 22 A 38 S BN
.

AN 2 DRt R 4 R E ALY AR 4Kk
BT 5 R A Wy AL TR B 5 ) £ DR g ok
YL Z AP RE, H T HARA B KA R T 2
S Sui Y LGl 4 T Zn0 TS/
KA K (PEO) B 5448, FIH PEO 5 Zn0 Z|H]
B O—Zn $t5i4L Zn0 ¥ S R LG, 15
THAT ULE. T B A TR BN K g5 22 R A B T
ZnO 5w AR AL R W, KT 35 PEO 274k
W HES, DT 38 5 il Ak AR A 12 - FR 3l 250 0
Zhang 25 W] FH AT 3 v A0 5 BOBERE AR b A7
T 2 M K A, P 0 L 2 22361 25 R A
KLYk, 3l ik N ARG LS B 40 M 7F £ 2 3% 1w i
HMEEFR SIS I, 7 SRBE A R B KA e
AR T Y58 - Y0 SIESIEL , 3P L 25
21 Y A B A Al 2 T AR A B N

AR 27 2 B R TEAE e B L b X i
W, AE X Bl K RS B kL T REAR 4 4 10T 3%
G EAR IR AT LG LR B AR A 4. T LA 7
WL 27 2235 3 X R R B W AOK A 4 5 G Ak
o PR SR ] R K F I - B O S R G
WA (B PR A 2. 38 e X 40 K ) el P e
Rt I AT ALt L AT, B B 25 42 = g ok b - 5
A W LA IR] A9 S5 T AR EL A FH (5 40 Kok 4315k
TSR] I A B B A g s AR
1.2 BEY/ BEYRARAESEESMHBHER
Hi A

LT 2 HARE T LIRS R AW/ RE
YR A AURET Y, B FH 45 4150 25 000 K P DA S s i



804 "o T

27 i 2012 4¢

IS 22 5 A5 B A - G W T A e 2 1Y
ZAF, i & ok MR 45 B 2 e R 2 AL
GER 0T O EF AR AL G 2 24 R F ok
YL IR L — AP B AN RE
Yy 5 FA2E G R AR R W S A A . IR, 3
HEORHOR B2 W R G Y IR Y T T 4 2 4%
ENDEIREE 2105 Sex7/Eip Sk

JE I e B 7 SR A K I P R AR s 0+
A 20 MR R AR A AN i 5 B
o3 BAR A B 1 1 2R RE B Bk 2 AR KSR
LRAER AP 2R A5 AR TR I > T 2R ) = 2 S
IE A7 20 2 AN S A ) R PRI, 0 5% 5 4 7
HIR YRR A K LT 4, LLgi K P &
T ¥R A i A A A R B LA S K RS
[F]IRE 2 4 R AR v 4 F A S e BE. B ETAI T
Pire AR NN Hil & TR (e-C WHR) (PCL) /5%
M (chitosan ) | /7 Jig 8 #L 8 ( PLLA ) /chitosan ,
PLLA/ B ( gelatin) F PEO/ 4] 4k 2 ( cellulose ) 2
ZMI A AR ET Y, R HH T 25 MR K Jik
(I I 2 A i o7/l e
SR

SR, KR A>T 2 R, =S
IKEE W T 3G B R Y s 1 i AT ) ) AH ELHE R AR
FAAFI T LL 27 4R W8 B, AR AR R 2l ] =9 2
Pt =9 R NS S TN T S s AR M 0] R g
L] 2 R4 IR R 2 T AR LT AE 5 L=
TFIRME, A s o RO AR nl 4% i AR
S8 VI e i s AR S A R A2 B BOR B2 1Y 6
FE Natu 2 ) 45 7 PCL 1A % 70 4 ( Lutrol
FI127) W R G W) 2 & AOK 2 4, U2 K 3 1 1)
Lutrol F127 75 &S5 -G Yy B2 v 1) Fe 91, w1 A 500
WIRE WA AERR K, TR 25 P R 2.
PEA TR fip R Y 3 B T PR3- AR O MR AL R
Y1 (PHBHHx) 5 7 ig € LR (PDLLA ) $Lig f1 275,
AALBEVE T & A 9K 25 4 1 25/ Gk 1k L 1224k
RE i T LA 1o HC R A o 3, 3 T B AE A Wy ] e A
SR A HEE A . Moon 251 A0
PAN 55 (PS) IR HL 27, FI I P& (9 145 i
JEAR RN AS 2 BAT A 3 BS 45 1Y 52 & 2R 4E N,
PEPEMEVR 25 PS A5 B 2 FLA5 M 1) PAN £F 4
JIE, 3 e B LA B e ) bR T AR RIS B M A
TR 3k 1 B A A AR A5 4T

HILG AT UL, 2240 53 3R 5 W) A0 K 2T 4 ] 57k b B
— TR B ARG L R A2 38 I T Y 45 2 4y

(189 ZEL FSEHI G B 28 3t 45 ) £ Ak (4 1 245 5 AR
T PESE ] o8 HAT SRR A2 45 K D RE B 90 K £F
HEST S RPRE, TS 3 093 LA A B ARE Y e
itk F 2 Y7 w5 2 H I RE VPR e 2ok
R EES
1.3 TN/ TR KRTESE SHMRBFER
HRiH

TCALAORET 2 A BOR Y He e i AR S R i
P, S 5 i RS 00T e 3 T S 5 TN, AT T
TER O L R 25 22 J7 R B A SR, ]
TREVR AL AL IR A e 2 . SR, L
FORAS B JCTE E AR AT #2522, T HLn] 2
RIS AT 1 1) P 25 A A5 21 23R 5 0/ WL i R
PRI LT 2, 1430 i 1k — 20 (0 PR Ak 1 (0 it
be FRACALBEAE) FAL SR AL AN K 2T 4 | ) 4
HKLF e 22 4153 TCHLANK LT 407

SR L, 22 400 TOHLA K 27 4 25
B TARHESAEETLER T + 1 > 21
IR Liu 600 0 FH A7 RS 22 3 (1020 4 T
HA SR AR Y Ti0,/Sn0, B A 94 K27 4, 1X Fl
PR 2% 3 1) 25 R A R T A R = A e A
25O 1 1 70 85, AT s Y AL ROR. 3k
Ag 1Y ZnO A F T I6A L 123 7O A 23 2, IR
JERLIE R ZE Zn0 [ 17000 475, 235 158 7L
PO s B i bR AR A 4B IR Ru0,-Mn, 0, &2
F AR ET A B AR5 ] P B B i O SR T
PR L PR R s Z2 LAY CuO/Sn0, 4K 7 4t
55 Sn0, LEEM L, 75 200°C WX H,S Uk
HA 0w iy R b ik #% 4 5 Ti0,/ CoFe, 0,
InFe,0,/y-Fe,0; 52 G AR LT YA LE A HE 3
e RLPERE 11 ELREPE L2 I A S S 7l 3 T
Py 43 5 5 SV 0

HLGT JCHLARET 4 ] AL AL
T RIS SRR A2 5 B ek 46 S AR 22 AR KT P
GITHLAKET 4 5 BE T3 b T00 U6 Bir B, 77 767
T/ EFYENE By B BRE , RICRR ) T A .
M ] 5 g 5 B e Al LA S BUR AL B R I oK
2T Y 5 25 i F 25 JCAILAN K £ Ak U ) F ST
7 1),

2 BEAMBEAMMKRFRESH
R R LR

BT R BA BUZR s 2 2 454, LA
0 5 e SR AN R o3, A A% 5 52 i D RE S

Fn 4
e



8 1 BRI T Y 2R I Z R R G IR U2 SRR E 805

SR AT T LA ) 147 30T B oA S
RERHTRLIN R AL, 24545 WL O A2 B A R LAY
Bt R A AR 7 45 A bR, R (LT
SRR LTAE BT LR TR FLBUR K4
5 T ELSELIE 55 B35 AR 3 5 4 5 Ao
# LT LR IR T SRR AR 1. H
W 4 Y TP 5 LB R R SR R R A
KLPHESL A IR I 7 BT 5 P2 i
GRILTAE AT RE AL
21 Eag

L 23— B 37 L R RO 2T A
Bk S D2 AR, 1 0T 2 A A T
RIS RO 25 1 A7 B2 0E P AL VA
AR D £ A T AT R 6y
SRR A A R T AL b
B

F1 Yarin 5 F U 0 1.2 102 4
T PEO FIZE T e M 9 4 R AKX
IR FFFEA 3R 4 B R P A2 22 il 4
B A LT SRR T AR 25 K
3 MEHC TR0 11 Zhang S5 LI AL 25
il T BT SR R 10 2 L3 1 2
(fteBSA) 84, PCL 4555 19 21 g P 2T SR L i
351 2 = (PEG) {1 B ) Bk PV 5 71
IAEIP RG220 S, 5 AR T
AR L R ELA 2 45 4 Y 27 4 L 5 0 28
T fteBSA MEF A P RERLIY % SO Ak
1 PCL P4 SN T A LR, FLih i
s R A SV W U L T
15 PSR IEIE T A ) FreBSA (ORI
HESE. S0, Zhan 45738 A .25 6 T LA
AALTIO, Hbe AL SI0, WA A 24, Ml
RUAL A 2P 4R 2 BRI Y 5OR SR
L (MB) FIS T (DR) , % SR8 491 13
T, MB35 (664 ) 55K 1 DR 195 E 0
(228 nm) HEARE ;L4 S0, 5 KO LT 4 P
FTEREARS 01, MB A DR AR AEE 634 % , X
B Si0, 215 ATTAALHLIL K5 THEE THO,
T35 B2 5 506 AT 325 51 35 5 1 6 2
P

L 2 4 A1 2 B 0 AR 502
19, FUBESNR Y 2R RN 22 M B
A TR TR, — Y 2 R A5 JE
AT AR TR T T 1 VAT SR 4

WA A T T IE S e 45 1 52 & 4F 4,
b SR AR B R BRI PO gk oy
T ems Ak T SR T
& ol R e 5 ) A A% FE S R A Y 28 0
A Ik B be A5 e B T E— 25 R4S A 25 R 1 4k
PRIHE 57 L 2R T AR W B A% Ja A S SRl 4 A
1 BT RG5O
2.2 HAHFREINEEN
5Ttttk o G R AR 21 4E A L, £ 4
F V) RE LT RE 78 o3 & HE T MR A A VR T, BRI
NATTH LA HL 95 45 4 A Oy i i, R 1T 2 )23 20 3
(LBL) BiAR RIARESF M A K 5SREE
ANFEITEX A qe R m AT Ui dh, B2 B A A
[ DB IAZ e S5 A RS AR LT 4L 5 5 8
LBL 2 i 2 5| iy i sl AR L o3[ 1Yy
SUHE OB | H AT RS A AR AR AR IR R AR
JEE T 45 1) A G, B A S R R, X R T R
TEARER , 25 Gy ER VS A o5 DA L 25 22 3k P i 4
AL AR IR, RT3 i LBL 75 S £F 4 5%
T fEAL. Pan 251 9 sl i B 25 2 I 45 T
MWCNTs/PS ()45 4 27 4k, B L It £F 4 9 455 4 45
AE BH B~ 5 L i Jo ( PAHL) K2 B 5 1 5 W il o
(PSS) ¥, 15 8 7 H A A4l
MWCNTs/PS/( PAH/PSS) & A £F 4 5t , F ] DMF
PEFEVERS 25 PS 153 T HA h a3 4544 1) MWCNTSs/
(PAH/PSS) B & - 4k i, tn &l 3 JIf 7n. MWCNTs
AL 21 5 35 1 7 2 G s R0CR |, By 1k 2R H fiff o
s SR YRR IR A

MWNTs/PS Hollow MWNTs-
fibers PAH/PSS fibers
Coating with Removal of
‘ PAH/PSS PS fibers
A

_—

oo
+ & oo

Fig. 3 Process of the preparation of the hollow MWCNTs/
(PAH/PSS) fibers

A) LBL assembly of PAS on PS/MWCNTs fibers; B)
Dissolution of the PS fibers with DMF to obtain hollow
MWCNTs/ (PAH/PSS) fiber ( Reproduced with permission from
Ref. [64]; Copyright 2007 Elsevier)
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Fig. 4 Schematic illustration of the formation mechanism of carbon/TiO, composite nanotubes

(Reproduced with permission from Ref. [73]; Copyright 2012 IOP)
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Fig. 5 Yarn-spinning setup with water bath grounded

collector electrode ( Reproduced with permission from Ref.

[74]; Copyright 2005 Elsevier)
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Fig. 6 SEM images of the PLLA knitted mesh (a) and the alignment of PLA nanofibers across gold-coated microfiber ridges of the PLLA

knitted mesh at various magnifications; (b) 50 x ; (¢) 300 x ; (d) 500 x ( Reproduced with permission from Ref. [79]; Copyright 2009

American Chemical Society)
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Fig. 7 Schematic illustration of the fabrication process for thin film nanofibrous composite

membranes based on PAN electrospun nanofibrous substrate and cross-linked PVA barrier layer

(Reproduced with permission from Ref. [82]; Copyright 2010 Elsevier)
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RECENT PROGRESS IN HIERARCHICALLY ORGANIZED POLYMER
NANOCOMPOSITES BASED ON ELECTROSPUN NANOFIBERS

Yue-e Miao, Tian-xi Liu
(State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science ,

Fudan Urnaversity, Shanghat 200433)

Abstract  Electrospinning is one of the most basic techniques for the production of nanoscale fibers.
Electrospun nanofibers have excellent properties including small diameter , high surface area to volume ratio and
high porosity, thus making them excellent candidates for filtration, catalysis, sensors as well as in biomedical
applications. Moreover, multifunctional nanocomposites can be obtained with different functions and elements
being hierarchically incorporated into electrospun nanofibers, which will largely broaden their applications in
water treatment, healthcare, defense and other technologies. Herein, some recent progress in preparation,
structures and properties of hierarchically organized polymer nanocomposites based on electrospun nanofibers
are briefly summarized and discussed along with their prospect in practical applications.

Keywords Electrospinning, Hierarchical organization, Polymer nanocomposites



