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Study on sulfonated PSCEM with sulfoacid on side chain end

Qiao Zongwen

(Collaborative Innovation Center of Department of Chemical Engineering,Shaanxi Institute of

Technology,Xi’an 710300)

Abstract Isocyanate group was bonded on backbone of polysfulfone (PS) by two steps-“one pot” method
according to our previous study method.PS-BS was obtained with 4-hydroxybenzenesulfonic acid sodium as reagent. The
PSCEMs were prepared by solution casting method. The relationship between temperature and water absorption,
swelling ratio and proton conductivity were explored. Due to the hydrophilic sulfonic acid group was far away from
hydrophobic polysulfone main chain, the PSCEM can form micro-phase separation. It leaded to the PSCEM keep
excellent size stability at high water absorption.It showed excellent size stability that the swelling ratio of PSCEM were

only 25.1% at 25°C and 55. 6% at 85°C when the water absorption were 45. 1% and 52. 1% at the same temperature.
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And the proton conductivity were up to 0. 077S/cm and 0. 147S/cm respectively.

Key words polysulfone, micro-phase separation,dimensional stability,side chain end

JoT 28 4 JE R OB HL i (PEMIFC) J2& — Fih 4 48 1)
REUR . & BA A Sh bl e 5% AL 8805 % 1 Qe Rk
SEAL A PEMFCs B 75 il K 40, 75 45 GU80R 78 e
MU AR AR B T T mg e Y e LA 4R,
PEMFC W 5| 1 {H A B2 5 0 )2 KT T 58
B CPENDAE € By RO 8 22—, — T7 Tl 8 Jo 5~ A
PR 210 B A 114 1 acf 482 13— 43 L LU A S B B AR
22T R R B ok RORE SR AR S AR IR S
5 E AL F] AR 77 Y Nafion £ IR HAL
PERE B W T BT AC e i ik 2 4F R T A
IR S 2 RS B BRI g e R AR T ™ B A i A

BELAT 7 i — 25 (L iR R 0 A SR AR B

i AL 55 7 R A W A T L R A 5 O e
AE TS P B I ot 1 A0 B e B9 in T R A 0 0 401 4
AERE B¥ AU Nafion R, 6l fL 557 & AW 158
I, AR AT G TR A A1 1) 57 43 Dy T B A R0 B A
TR AL DT R A Y PEM 25 % KB R 5 1
RS R A Y EHE, th TR K 5 P B R 6 L8R
AT IR AL B8 7K 3 T B ) EG SR A A L i R A
FL.PEM HE A . ™ E R W IR il A7
A, T EE R A AL Y R A W) PEM 2 B
fisf P 5 AT 2 gt K R AL ) UK 3 X T B ) R T

HEETB :Pria QAR 1T 50 B (2019]Q-927) 5 Bk 7Y [ By 2% Be B 24 F 52 114 5l H (GLy18-04) ;2018 4F V4 % i B} Wb & 4F A A F624 11 X

i H (201809)

FEE B A1 Fr 5230 1987-) )L b RO 2 2N AT D BE & 2 7 I S PR RE AT ST



.+ 110 - o T BB ow AT &

HL# /N 45 PEM 76 =5 09 A6 B T 45 R PR F5 48 =
RS Ra e M, IR T E4E R PEM fFEM A 2, B
ARSI E. Kobayashi 557 #F5¢ T 41 7 5%
PFF 3 T RN B T AL Y B R G W T T A e B Y
PERE . T OBE R PEM B fUAH 20 55 45 #4 5 B &g L fiff
138 BA T 1 5%, X5 — GE i LR
UEW 4% A PEM [b F 4% A8 PEM B A AP 456
PEBE. Zhang 55 [R] i il £ T 5 4 75 3R 2 gk ) A
e 70 R KTk ) PEM, T 00 5 J5i 1 5 4 J5E ) AH 43
B G AL A AR TR A 4 B TE R AR T R
W RS R E

AR R WA — 8 s, DLRB(PS) 2y ik
filt 3 5 e 3 A B 51 A—NCO, & 452 %5 5 % 5 3k
AR TR BN CHBS) BN o ) 2 il £ 1 00 4 A ity Sy 8 1
DA 000 4% 50 5% 1k B 0 (PS-BS) , 7K BIF 9% % I 4
S 72 1 2% R L B4 SRR BH 25 - 58 kI (PSCEMD) , ff
ST BE X PSCEM 9 W 7K %8 | RUSF B v A oL+ 1%
FRGEREM R A, 15 A M E R AT I AR A
A5 X BE R PSCEM AT BA 2 % 0l .

1 SLIEEH

1.1 &7

B (PS.M,=6.7X10", TAL ), FiEEME T
WP HR G A A BE AL T 58 & 8L S WU g (CEC, ik
FNERD B YT T 7R A0 Ak T A BRZA A 5 % 58 2k 2K
PR &l CHBS, 357120 L 1 6 B ik BF A BR 2 w5 Tk
PSS (SnClL, , a3 ), R Jear ik TA R
Al N N-—H 3 2 BB (DMAC, 43 #r 4l . KT
Tl A TR AT BR A | . B A A8 EiT 34 H ek
TR B TR b B
1.2 {us5

LD HL(TGL20M-2 B, i) 5 Bl 3s ) 244U
TATBR N A s s T IR AH (TZG-6020 B L B pY K €
BF2 AL A B2 ] 5 15 L0 7K 3 B (DF101s ) , 3]
WA TR AR A A B 20 Ak O 5 )
(FT-IR,1700 %), 3% [{ Perkin-Elmer 2\l ; # i 3£
PRAY (" H-NMR, DRX300 %) , K -+ 1 & 72 /3 ] ; 4
A1 W 436 BE 3 (UV-Vis, UV-260 &), | i
Jem oS Al s B AL 2 T AE 3 (CHHG660 ), B i JR 4
XA RAF
1.3 HaHHE

K JH WAL —# i 45 PS-BS, B 46, Ll CEC N
WA, #E PS £8E B9l A& M- NCO, 2k 5 LU
HBS ik ], 5 NCO i & K5+ b il 25 B A

B 45 R ) PS-BSY

(1) 7E e & A R 0 101 8 68 26 1 1 DU 1 b
L A 0. 66g PS 1 50mL (9 DMAC, $it 4 {8 H 5
LV B A CEC 1. 3mL F#E4L %] SnClL, , ¥
TR A R F AR IR K 78 8 (DF101s 8, il mg 45 T 1€
IR A B FD60°C KLY 24h J5 45 3 I .

(2)7E W5 B TR A W im A HBS 5. 00g Fl i
3 AR — T 58 0. 04g, K IR & W K 1E IR
MK H (DF101s AL, o) 7 4 T 44X E8 A R A WD
ZE 100°C . 7E 100°C 444 T & 10h J5 » 45 o i
JA 200mL oK & BEEA SR TOUE R, 38 i # L R
A O HL (TGL20M-2 Y, i) B L ik Bl 22 AL 2% A5
PR F]D B0 40 B, W, R LA T 48 (TZG-
6020 B, B R ERHA NI A RA D T8, 45 5 B
Frr=9) PS-BS, 43 85 1 LW WA R it — 25 bt
SR FH 5 (2) ) T 25 s 38 2o 4 1l (1) 19 52 1oz B ] (43
BIA 5.10.15.20, 24h) , il £ — F 40 i R 3k 1A 5 i
) PS-BS, A2 4 fiff /2 56 M &% &8 A [\, 43 5 id A PS-
BS-1,PS-BS-2,PS-BS-3,PS-BS-4,PS-BS-5, P =4
FR e SRy i 7110 o R FH O A28 8 32 il 4 PSCEM, 43 il
4 PSCEM-1,PSCEM-2, PSCEM-3, PSCEM-4 , PS-
CEM-5,

1.4 HSENR

KT B 21 A0 63 A (FT-IR, 1700 #4, 3¢ [
Perkin-Elmer 23 ) % i (9 £k 2% 25 44 35 47 0 3
K F R g 2248 A (' H-NMR ., DRX300 %I, B |- ffi &
SN FD X AR S Ak 2 g5 0 3547 A BL CDCL
WA R A &S] 0L 4y 6 6 B i (UV-Vis, UV-
260 #, i L e A2 w0 2 b i P i R 3 14T 1
oL A5G HBS M AR #E I PS-BS (19 i
7 A A 4 5 B (BA L, mmol/ g, 45 BE IR fiff Ak 5 B0 BT
TR EA MY R . WA RiEid ' H-NMR %
Pl A 5l 3 o X (D TH 530 B BE /R 4l PS T % T R
9 4 J5 e (DCHP O

DC = (6A, - A,) =442 1)

K, DC K4 g 4l PS P& B I8 5 A 1 ¥y
H.mmol/g; A, A PS F5E I H 5 A9 57 16 B4 Tl
B AL Sy Bk R 1 b Bt - ) W ARy T AR M Oy
PS [ —ANHE 1 (9B K 5T it mg/mol,

FE S WK AR B il 45 45 19 PSCEM £
BT AR K PR i — B[], B S R K 48 0 T
KA PR E L IEN W, B R B
25 THEFE (TZG-6020 7, BEPE R LB 22U A A
ADHET IO TR W, , PSCEM (1 W 7K Z& 3144 I,



oMl T 7% S0« DN i AR S Ay TR AT 94 b 2R TR B 5 3 i B8R P B T 5 « 111 -

£(2),
WKE =[(W, —W,) =W,]X100% 2
K W, RZEBK RS RS, g W,
R BET R AR T . g
R I WK Ik R, Hl Kol L
PSCEM F iy, 77K H R 0 24 24h, BUH 5 WK 4%
A F 1m0 K 4 T, I PSCEM i K.idh L, .
PSCEM M K i i P 5 0L (3 .
WK = [(L, —L,) = L,]x100% 3
ALK IE IR, s Ly R RE R FOR K
mm; L, R TEKPRHY 24h F LK, mm,
BE b TG R T 5 . R FH 32 I BB 3 v
JE PSCEM WY BT ¥4 S5, | e hl & R AN A 1)
PSCEM, BERYJEEE i R L. SR J5 R A Ha Ak 2 T 4%
(CHH660 #4, g R4 2w E PSCEM 1 JiE H,
FH R .PSCEM 1 it 1% 5 3315 L (1)
PC=(L+R)XA (4)
X P, PC A SR, S/em; L N E Y R B,
mm;R 4 PSCEM LB, Q; A S PSCEM 1) % il

jF/E{’CHIZ o
2 HREIHE

2.1 FI-IR $5#F
PS fil PS-BS () FT-IR 3% E L& 1. ME AT LL
E 4, PS #F 1080cm ', 1325cm ' fll 1295cm ! &
—SO, — B FFAE M U IE . 1245em ' 5 1015em &5
i Bk (1% 45 T0F IR AT 068, 2 B 1) AR TE W WS I A 1585 em !
5 1490cm "4b s PS—BS A% BB BT 4 Ak
Vg, 78 1706cm ' a2 Hk B 09 10 45 4k 3 W i 0%,
3303cm 'l 1505em ! & N—H (1) 45 AF W% i i
it 1% 5 AT A W T I 7E 1032em 4b s M IR A 5 1 7
e B, i 45 PS-BS,
(a) i '

PS

I

~

i

R

X

4000 3000 2000 1000 1500 1000 500
BB /em™

1 PS#1 PS-BS(a)iy FT-IR #% &l
[ (b k() B H 3R 43 oK ]

2.2 '"H-NMR % #F
PSBSH '"H-NMR iR WK 2, NE T UHE
HLBR T B PS BT A SRR LLAR ,5=2. 857 (1) FlI

d=2.931Ck) 43 5| J2& M &% W 3 3R A9 Ak 2 0 7% 5
3=28. 013 (D) 2 M4 2 5L H R g - N—H % i+ 1
257 #% ,6="7. 800 (n) Fl 7. 851 (m) 43 Bl J& 4 ik ik
SEP EORER B R Ak 00 RS, H-NMR 3% 18] Y 22
Pl itt— 25 Uk B A5 D) 45 PS-BS,

G, 9 (LR ?
-0 - OH- O 0O O
i 0
CHyed ¢cb O CH,hCl?Zk
CH, a
|
HN
1]
=0
0

= B

...,
)
~ w
-8
2z
5

-
ﬁ

L Il 1 Il

6 5 4 3 2 F)
2B /(x1076)

K 2 PS-BS# 'H-NMR i &

2.3 PSCEM E A4 gt

PSCEM [HEAPERENLZR 1. IR 1 ATAIL i E
il 1% 5 A 4 A 189 0, PSCEM. Ay B8 1 28 b 25
FIE 7K 338 T, 3 32 B2 PR Ry it R R AT B 5 1S
PSCEM [ [ AJ 22 46 o7 s £ H 39, o] LA sg e 0 2
P T [ B il 7R i AT ] DL &5 5 BB 2 K 4y 1B
B B B, DT 3 308 1 A2 0 75 o I UK 32 4
T AE RN ] R 15h 254 F L #1453 9 PSCEM-5 (1)
B 28 e 45 f LI K R 43 558 #) 1. 48mmol/g.
0.451%,

£1 —%7% PSCEM HIE A M

S [ / "/ BETHER oK/

&Y
h (mmoleg™') (mmoleg™ 1) %
PSCEM-1 5 0. 69 0.71 0. 188
PSCEM-2 10 1.21 1. 19 0.372
PSCEM-3 15 1. 49 1. 48 0.451
PSCEM-4 20 1.58 1.52 0.474
PSCEM-5 24 1. 67 1. 68 0. 487

2.4 RMEEX PSCEM &k 8 220
2.4.1 R BB ESBAKE R

PSCEM HATE/K h A Re #E47 it + 1% 38 , PS-
CEM Wit — 5 /Y 7K 43, B TR Jik A1 5 7K 43 F 45 6 T8 i
TG BT KA B T REHEAT T (9 A% 3, DRI I K
Y E F PSCEM M8 09 47 8. | i i B2 % PS-
CEM WK R WL 3, M IE AT LLE i, B 5 X
Jof Uik B B v L R A B = A3 L 3 Fl PSCEM
) R 7K 25 52 I A 34, 3 3 B DR Oy i e 3k A1



« 112 . 1 T 8 B W4T

A LASE A3 Z K 4 T8 OK A B 7 5 3 TT RE 2
DRl oAy 905 38 T R0+ 7K 43 1 R 1 35 A )38 s i D B i
R G M EEE G TE MK A B T35 S BORK R,
3 fft PSCEM (W /K FAE 25°C Fl 85°C By W 7K R 155
F b B Nafion115 JE (25°C F1 85°C [ W 7K & 43
BN 28. 6% F 42. 7%, Hih PSCEM-3 £ 25°C
1 85°C BYME K F o A 2] 45. 1% F1 52. 1%, HA
BT oK M RE

60

—m— PS-BS-3
—e— PS-BS-4
—A— PS-BS-5

b
\

S 5 60 75 90
REE/C
B 3 R E X PSCEM W /K % By 5 i

2.4.2 R BBEIRTHZEGTA

RSP R & PSCEM W E B HREE IRz — .
TR OB L B A A . AR SE RO AR 1R E
1T PSCEM 1 W 7K %5 i 256 5 3 A7 4 o , W 7K % ik
8/, PSCEM 1 RO~F oo ok Bk k. e I i X
PSCEM W /K 5 i R s i DL BT 4. N IET AT DL
3 i PSCEM 1 W 7K ¥ ik 28 45 Ak 55 W 7K 28748 fb AH —
BOROR W TR R S8, 7 25 C KT,
PSCEM-3, PSCEM-4, PSCEM-5 1 % 7K % 43 51 Ky
45. 1% A7, 4% R A8. 7%, {H 2 AH B A9 W 7K ¥ ik 2%
G325, 1% .28. 176 F1 28. 6 %0 R B B AT 1Y)
RSFRazE 4, PSCEM-3 7£ 25°C 1Y W K % ik R 5 &
55 Nafion115(24. 5%6) (4 Wz /K ¥ ik S AH T, 2%
(B ARG IR T — 26 J2 B RV AL 0 & AW T 2SR
1R G A 5 i R 11 SR B A Y R R e e X T
Re 5 BT F 45 A OC . BT 5 K i R A 141 5 B
Bk F 55, BE 4% 8119 PSCEM T8 B 3% 7K W X % 25 i
I AR X A AROR 53 15 45 4, WAL F) K 43 i 08 IR T 7
KX 7 PSCEM 7E i W 7K 56 75 Be £ 35 5 4r
M RH ReE .

-y
=
|
.
|

)
7
=

73

v s W

\
\.

WK %
3 3
'
.

[\3
=]

30 40 50 60 70 80 90
REE/C

P4 IR XT PSCEM WK %5 Ak 5% 1) 5% i

2.4.3 BREBENSRTHFEH R

i F A5 5 % & PSCEM f 8 2 () ML RE 18 b . &
FLHE W T REAL T 5 F BE 0 KN OB IR R X
PSCEM Jii F1& 3% g m UWLIE 5. I AT LU
3 Fft PSCEM W i F & 5 5 B A5 1 3 1) 7 o T 22 444
A FA 3K AT g2 PR A i B T T R R 1A R K 43
32 S5, 25 5 M B 25 68 BUK & B 7% [R B K
Sy F I HCRE SRR, SR T AR R R R R K
Oy F Y HORUK G 8 7R 0932 i e 58 10 B 25 il 7R 3
P B 3, 5 SO R 5 A1 245 B K o TR UCE 2 1
IK A B 1 L 3 i T 1 SR N, DT R B %
SR MK, 3 M PSCEM W [ 71 G R# & T
0. 01S/ e CRRALHH s Hh X JIEE ) J5i0 1 4% 2 36 A0 A (I 22
SROU BB S AT A SORE L 1) 52 B R L 7E 25°C
85°C J i I8 4 . PSCEM-3 Y i 714 5 43 3
“H 0.058S/cm Fl 0.117S/cm, i 15 S R &5 kWY
PSCEM-5 7£ 25°C 1 85°C By it T 15 & K 43 9 A
0.077S/cm F 0.147S/cms 5 Nafionl15 (25°C
85°C Iy T T2 407l 4 0. 09S/em 1 0. 157S/cm)
) 5 115 S R AR T R R 18 3 R Y
PERE .

_0.16] _a—ps-ps-3

£ 0.14f —a—ps-Bs-s

€12t .
E 0.08f A/:/

0.061

30 45 60 75 90

B 5 iR X PSCEM i F-15 5 3% 1Y 5% 1

3 Hit

K P 25— i 12k 1 2 ol 6 — b ) 5% 750 ik A 2R B
PS-BS, 2k i 4 5 JBE 2k i 45 1+ 32 40 JilE PSCEM.,
5 BRI . i T LA B % K S A B Hi K
S 14 TROAH 0 85 4 A o 4512 T T 58 o A 1 TR K R
ST B PR AR A 1 RS R M TR B B A T T
Th i o WU B oA Sty it 1 35 1A 149328 3 6 ) 4 o L O 45 O 4
H KA T 5 PSCEM MW 7K 3 W 7K 35 JiK R 1
AL F AR I, AE RN ) Ry 15h Z5 R il AR
PSCEM 7E 25°C 1 85°C 1) Wt /K % Jy 45.1% F
52. 1%, W K ¥ Bk R AL N 25, 1% A1 55. 6 % . 3T F
Pl Ak 1Y Nafion115 B85 (4 W K ¥ ik %, B0 R 4
AR e M BT L 5 R 43 5 2 0.077S/em Fl
0. 147S/ e, R 5 1 2 SRk F L 1) S B 7 T



#
&

T 7% S0« DN i AR S Ay TR AT 94 b 2R TR B 5 3 i B8R P B T 5 « 113 -

Sk

C1] RTME, BUREL, UL, 45 20 e 38 1k 1A B 1k 3R 57 Tk R fif o,
11 il 8 SO S5 A LT 1. DI RERE L. 2006, 37(8) : 1341-1344.

[ 2] Feng S G,Shang Y M, Xie X F,et al.Synthesis and character-
ization of crosslinked sulfonated poly (arylene ether sulfone)
membranes for DMFC applications[ ] ].Journal of Membrane
Science,2009,335:13-20.

(370 B CH, FFEL, B A 2. 2 U Al X = R 07 700 3% O It AR 5T 7
ZE R 1 A% B P RE L) ], 45 2 R AL A 2 4, 2014, 35(2)
433-439.

[4] Mishra A K, Bose S, Kuila T, et al. Silicate-based polymer-
nanocomposite membranes for polymer electrolyte membrane
fuel cells [ J]. Progress in Polymer Science, 2012, 37 842-
869.

(5] oA, 0 9€, 5w 41, % SPEEK/PAVP B2 0l & 4 it T 58 4 I
1 il 5 5 B LT ] v 20 1 AR RE 2 5 TR L 200925 (8) ¢ 126-
129.

[ 6] Lafitte B, Jannasch P.Proton-conducting aromatic polymers
carrying hypersulfonated side chains for fuel cell applications
[J].Advanced Functional Materials,2007,17(15) ;:2823-2834.

[ 7] Kobayashi T, Rilukawa M, Sanui K, et al. Proton conducting
polymers derived from poly (ether-etherketone) and poly (4-
phenoxybenzoyl-1,4-phenylene) [ ] ]. Solid State Ionic, 1998,
106:219-225.

[ 8] Zhang Y,Wan Y,Zhao C J,et al.Novel side-chain-type sulfon-
ated poly Carylene ether ketone) with pendant sulfoalkyl

groups for direct methanol fuel cells[ J].Polymer, 2009, 50:

[10]

[11]

[12]

[13]

[14]

[15]

4471-4478.
Tr 5% 3, o DRI o IR 7 OO A58 A s >y 0 T AR 4 AT A o 1 2R
TR 1 9 B G B S e IR A R AR Mk g [ ). D g i 4 F %
#i2,2014,27(4) :399-407.
Zhu Y Q, Manthiram A. Synthesis and characterization of
polysulfone-containing sulfonated side chains for direct meth-
anol fuel cells[ ] ].Journal of Power Sources,2011,196.7481-
7487.
Pang ] H,Zhang H B, Li X F,et al.Poly(arylene ether)s with
pendant sulfoalkoxy groups prepared by direct copolymeriza-
tion method for proton exchange membranes[ ] . Journal of
Membrane Science,2008,184:1-8.
Chen S L,Bocarsly A B,Benziger J.Nafion-layered sulfonated
polysulfone fuel cell membranes [ J]. Journal of Power
Sources,2005,152:27-33.
Gao Y, Robertson G P, Guiver M D, et al. Proton exchange
membranes based on sulfonatedpoly ( phthalazinone ether ke-
tone) s/aminated polymer blends B[] ]. Solid State Ionics,
2005,176:409-415.
Ekstrom H, Lafitte B, Ihonen ], et al. Evaluation of a sulfo-
phenylated polysulfone membrane in a fuel cell at 60 to 110°C
[J].Solid State Tonics,2007,178:959-966.
Wang G G,Weng Y M,Chu D, et al.Developing a polysulfone-
based alkaline anion exchange membranefor improved ionic
conductivity[ J ]. Journal of Membrane Science, 2009, 332;
63-68.
Wo#E HH#1:2018-04-18
&R B H:2019-06-10

PIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIDD

(k4% 108 W)

[ 7] Peng P, Huang H, Hu A, et al. Functionalization of silver
nanowire surfaces with copper oxide for surface-enhanced Ra-
man spectroscopic bio-sensing[ J ].Journal of Materials Chem-
istry,2012,22(31):15495-15499.

[ 8] Mao Y,Wang C,Yang H.Rapid and uniform synthesis of sil-
ver nanowires via rice-shaped silver nucleant [ ] ]. Materials
Letters,2015,142:102-105.

[9] HuM.Gao J,Dong Y, et al. Flexible transparent PES/silver
nanowires/PET sandwich-structured film for high-efficiency
electromagnetic interference shielding[ ]J]. Langmuir, 2012, 28
(18):7101-7106.

[10] Sun Y.Yin Y, Mayers B T, et al. Uniform silver nanowires
synthesis by reducing AgNQOj; with ethylene glycol in the
presence of seeds and poly (vinyl pyrrolidone) [ ] ].Chemistry
of Materials,2002,14(11):4736-4745.

[11] Liang J,Wang Y,Huang Y.et al.Electromagnetic interference
shielding of graphene/epoxy composites[ ] ].Carbon, 2009,47
(3):922-925.

[12] Saini P, Choudhary V.Enhanced electromagnetic interference
shielding effectiveness of polyaniline functionalized carbon
nanotubes filled polystyrene composites[ ] ].Journal of Nanop-
article Research,2013,15(1) :14-15.

[13] Arjmand M,Mahmoodi M,Gelves G A, et al.Electrical and e-
lectromagnetic interference shielding properties of flow-in-
duced oriented carbon nanotubes in polycarbonate[ J].Carbon,
2011,49(11) :3430-3440.

[14]

[15]

[16]

[17]

[18]

[19]

Gupta A,Choudhary V.Electromagnetic interference shielding
behavior of poly (trimethylene terephthalate)/multi-walled
carbon nanotube composites [ J ]. Composites Science and
Technology,2011,71(13) :1563-1568.
Mahmoodi M, Arjmand M, Sundararaj U, et al. The electrical
conductivity and electromagnetic interference shielding of in-
jection molded multi-walled carbon nanotube/polystyrene
composites[ J].Carbon,2012,50(4) :1455-1464.
Yan D X,Ren P G,Pang H.et al.Efficient electromagnetic in-
terference shielding of lightweight graphene/polystyrene
composite[ ] ].Journal of Materials Chemistry,2012,22(36)
18772-18774.
Gupta T K, Singh B P,Mathur R B, et al. Multi-walled carbon
nanotube-graphene-polyaniline  multiphase nanocomposite
with superior electromagnetic shielding effectiveness [ ] J.
Nanoscale,2014,6(2) :842-851.
Yuan B, Yu L, Sheng L,et al.Comparison of electromagnetic
interference shielding properties between single-wall carbon
nanotube and graphene sheet/polyaniline composites[ J].Jour-
nal of Physics D: Applied Physics,2012,45(23) :235108.
Huang C Y,Wu ] Y, Tsao K Y,et al. The manufacture and in-
vestigation of multi-walled carbon nanotube/polypyrrole/
EVA nano-polymeric composites for electromagnetic interfer-
ence shielding [ J]. Thin Solid Films, 2011, 519 (15): 4765-
4773.
Wrfs B #:2018-04-03
&R HH:2019-05-28





