H524. 5200 T B o ok N Vol.52, No.2 !
202442 A ENGINEERING PLASTICS APPLICATION Feb. 2024

doi:10.3969/j.issn.1001-3539.2024.02.001

RECHIMBARERAKF L FHRE AW H & M e

g{’t;inn L E*L %%iﬂ: ! EZ’S\I’ @E?{-I’ /E.ﬁ%nn
(AR TR T2, i 200237; 2. REEETTATERHE A BRA R T HRFEE  226000)

TE: AT L MRFEEINC)H Tl N sF 85 45 K (CNTs) 2 TR IR THr (PS)BE A Ak P - #0945 A NC 15 4 3E
Fo YoM, @A E ek bR T zﬂﬁ]éi’ PS/CNTs/NC § &, £ &-#t#h, 4831 T NC &5 CNTs #94-5 & 55 ¥ i 9] - PS/CNTs/
NC L AMA SR kit e ) F AL H AL, RS F ZHAE AT R NC I AR Y T CNTs 2 PS Ak o9 )

RI%, 424 ONTs BBARR I BT T HART FHMKkEH, Lomiedmf g m2ER A, E4F 6 CNTs 4%
T REE A NC A F 6938 e 4k & B [ 2 IR B3R DA ﬂ'ﬂ/ﬁﬂKCNTsﬂf‘ﬁug’F NC #4 5] ARAE 4K
o, PR ARG IL R B 2 R A B R ET 1) 69 38 e Ak R TR 2 AL — R IR A R AL R A, PS/
CNTs/NC £ & A a4 Fidd P it B4k LR A CNTs e NC A2 6938 hm i 3 K, %ﬂfﬁﬁ»ﬁﬂa‘mé’ai@ﬁu H A AR
BRJE B TR A 502%, NCE CNTs 9 /RE A 1:1 8%, THF LA RG-S Ak ey £ 444,

KR : FEREGMWASMI, RAETH ;AR E , F LML

FESXS:TQ327.8  XEtRIREL: A  XE4HS:1001-3539(2024)02-0001-08

Preparation and properties of polystyrene/carbon nanotubes/nanoclay conductive composites
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Abstract : In order to investigate the effects of introducing nanoclay on the dispersion of carbon nanotubes (CNTs) in polysty-
rene (PS) resin matrix, PS/CNTs/nanoclay conductive composites were prepared by melt blending process using nanoclay as a non-
conductive filler. The impact rules of nanoclay and CNTs contents, along with mixing time, on the electrical and mechanical proper-
ties of PS/CNTs/nanoclay composites were explored. Scanning electron microscopy analysis show that the incorporation of nano-
clay reduces the aggregation of CNTs in the PS matrix and induces the formation of a conductive mesh structure of CNTs at a lower
addition amount. Characterization of the electrical resistivity of the composites indicates that, at the same CNTs content, the electri-
cal resistivity of the system gradually decreases with the increasing nanoclay content in the composites, particularly at low CNTs
content, the introduction of nanoclay leads to a more pronounced reduction in electrical resistivity. Additionally, with an increase in
mixing time, the electrical resistivity of the system shows a further decrease. Mechanical properties characterization results reveal
that the tensile strength of the PS/CNTs/nanoclay composite generally increases with the rise in both CNTs and nanoclay contents.
Moreover, with an increase in mixing time, the tensile strength of the composite can be enhanced by 50.2%. When the mass ratio of
nanoclay and CNTs is 1:1,a composite with good conductivity can be obtained.

Keywords : conductive polymer composite ; polystyrene ; carbon nanotubes ; conductive network

METEERSOME, SRRESUME R BESUPUR A R R REZOR
(CPCs) e B H AR (0 DA , B fR 8 ekt | ot f e E’\Jﬁﬂéﬁﬂ%,CPCs1’Ej©#ﬁF%ﬁﬂH*ﬂr%}MHEjté’ﬂ
A T I T AR X A CPCs TR 7~ BEIR (B2 W ). CPCs i3 R PERE 32 2R T3 FL KL,
I7 MUK R TSGR EA T Z BN ET AR AR G R X R A O A SR, %

BIEMEE WA, 1L, EEONRSYIL SR AL S N T

YR B 2023-11-22

SRR TRDUR, TRk, BIHAR , 46 ROR LM/ RS R B+ S L A MR & SR RELD). TR Y, 2024, 52(2): 1-8.
ZHANG Hanjie, WANG Qiufeng, WEI Haoran, et al. Preparation and properties of polystyrene/carbon nanotubes/nanoclay conductive
composites[J]. Engineering Plastics Application,2024,52(2): 1-8.



2 TR

2024 4E 45 52 4 45 2 1

G (R 3RO e RN ER Y 4 o0 HLAT B IR i) 4 5
Bl , PRI O 7 8 i B 91 ) OB B O 2 40 2 10%~
40%) A b BN HCAF T L MR RE X 0 S 1 T A Rk
(RN TXMEBE FREAS . PRI, HLA v 4 58 e g 220
T N OK 48 (CNTs) 8% A 550 i (GNPs) 2 3 A Fl (1)
Ve, RIS, A T PRIEAR I 7S e B AT AR DA K f
B R TR RER B0 )2 PR Xk 2 L
B ST A HE RS W R AR

CNTs & —Fl B AT S K T8 LU AR MR, B2
H i 5~ LA 7S A T 25 A HE B I B A IR 2854, 25401
FHIME R . AR 25T T CNTs H
() H 24 R AR PR R DR 20 BOFE 3 0 T SR i
CNTs 5 i3 HL I 2%, L CNTs A Ry 5 HUIEORL ]
W E A PRNS T B F LT 5%, 7R ek R
L IR T 1%, SR, fH T CNTs 2 1 # L ) 5%
TLTEAE TR, CNTs 78 5 43 T MRk A A ik 1 A1
RARE T, ARBIEI 2 T B0 kLR L B
(ARG PN 1 AR RE W AN Y £, DA TR AL b e
TRPEREY . R T MR DX A HERS , iFF 5% A B Akt 22 Fh
S, B anfl A A R 2 MU 2  FLIROHIR
2 B LB R e LA KOS TR R A Y SR IR 45
FARTF-BOR G CNTs TEM IR SR i 3. ik
T, SR FH L AL 23 00 FH R A A ALV 7 i
BARAFF At )R I H AR H 2 KA T
v AR FH RS 1 A AL SR R X CNTs 1#E
FTRlctE AN 2 7= A R S0 I W, I T 25 R [ R
TR, BRI R G Wy IR AT DA AR
SRR I, 2R A FE A IR S KK
BN 7 G, 3K P ESZ IR T CPCs 1 12 M RE
25 LT  FEASSE IR AR 1 B 0 S R RE AL
SAEREAYIE DL T, 252 Ui 1 {8 1Y CPCs AT & —
MNEPNIIE 5 A

BIE TS 2 T R 0 R R S B n ) - —
I SAE S, L BH 2R BE I, DA 28 2 A% 28 Sl AR Y
G, FH I 1 R, AR B s SFHEL D FR 2
A . AEE, R T REARE I R, — RN
PR T T IURYAE 2 i BURHR & &R R,
R ICRHNES + O 29 T 8% CNTs 7R AR 25
R BORE . AR EE B (NC) & —Fh gk g —
Y JZARARE , BLAT R 3 T BRI S 0k 2R e
P A A5 B Bk — o AR A0 20 K A B, A R
7 CNTs 7644 fig B A b 2 it 22 9 ] . FE 22 i

IS A 20T N B 4t Al 2248,
Al-Saleh JF"R HIE R A A kil & 1T R4
MLEE +/CNTs &2 G4 RE, AT HLES 1 A I ARRAR T 14
ZIIR S X 3115 CNTs i 58 LS LA L A
TARAE 18 i B E A FEAR . Chen 55138 4o 44 il 2
TR 28 1T SR Bk TR TR/ 2% A 98 £ s /CN TS/ BILZS + 7
JeIRE A AR, v LUA S B a2 1
X} CNTs e F6  r AY BELASAE FH , B CNTs 25643
TR L AAELERZS B, [FIRE, Palza S5 ST
W R, S A A 25 DB CNTs 7% 5 CNTs i 2
(B IR 2, DA T 52 M 1= 25 5% 1 CNTs 7EA Jig S6 14
F A . SR Z FT R K 2 TR R
OS2 B S 5y AL, X ROK 206 (PS) R R F
R PSIE—RIEIE m o TWIR, A B
W R R (R 3 | e e 250, e S 28
I i L 7S A 40U Tz R R AT R ek
CNTs 7E PS A& HP A9 438, X2 =5 PS S HL By e rL P
BB BRI N RN ISR AT 5% 2 S

4 il 1 NC I CNTs & it 9 M3t PS/CNTs
BEMER SRR A PERE  REMIENCHY
I AXS PS/CNTs & &1k & T L RE TN ) PR RE )
SEMAARAE | SR FH G it A8 4S8 1 TR T 22 4%
T AN [A] CNTs F1 NC L 5] B2 AN [7] %5 5 Bsf [6] ) PS/
CNTs/NC & &KL, IRSE NC 195 A% PS/CNTs
BAEMEHRHOIIE S SR BE A ) 27 R A 52
VL
1 LWES
1.1 EZRAMA

PS: HIPS622, I 38R A il ik T4 FR 5T
G

NC:Nanomer” 1.31PS, FE Wi NWEM + , &
A1 28 3o RE Jot G S A0, DA 2o B L 2 (V) 53R
DA BRI

CNTs: CMT-80, il T AR B AT R H]
1.2 ZEZNEREE

FEFR AR Y . XSS-300, IR SN &
AR

SEAARALHL : 100T, V7548 T8 i rh BILAR S AL
WA BRA 5

kS8 R 7 B B (SEM): Nova
NanoSEM 450, 3£ [E FEI A Fl ;

DU B AR RTS-8, )M U 4T Rl



TR, 5 - ROE LI ARSI T L U SR 4 P fE 3

A BRAF]

PR BRI AY - ST2643, J5 M S s He 14
R

B, 77 fEIR I AL - CMT4204 , IR IIHT = 5256
WRARAT,

1.3 RXAEH &

K FH 45 i TR v 1 45 PS/CNTs/NC & 44 K,
W4 ] 5 4385 CNTs (0%~5%) , NC (0%~5%) 5
PS TER AR T AR A T 3 R (LE A BRI RIS DL
CNTs 5 NC Fi FLERIA A 1: 1), BRI R 190 °C,
Tk 50 r/min, 7E 5 min A1 10 min PR AS [5] (19 25 45
A B R BEAT IR A (FE A U I A A7 100 T 3 e ik ] 2R
TAH 5 min), LA CxNy SRARFEAR 702 1) CNTs il
NC, 4 CIN2 2675 CNTs JFi it 73050 1%, NC i i
GECH 2% L B ZE DA S 7E 190 °CL, 10 MPa, 5
min Z50F PR SR, SR JE R HI B =R FERIE R N
BE AR A ARBEEARE R SHOh A% 50 mm JR B
1.5 mm, @& BHAEFE & RS S800 B AR 90 mm )5 JiE
1.5 mm. S AP BB IR i 3 e A 3 o) 5 1 A
P51 45 1 B2 A BRI B AR RE S5 T 190 °C,
20 MPa 4 45 F#5E 5 min, SRR HI B 50, 4
Be 5 il & S ARG HE TR M BRI
1.4 mX5E&AE

Fh B S50 4« SR FH DU v B 3R 03 S A = 3
TR b R A T E BEL SRR i, FE AR A RS A
HEATIN . R P A RR Ha B S A7 = 0 T I o
L BHAAE 10° Q-m LA b A4 e B BHARRE A

TS R TE S - (3 & 5 SEM XA i 1)
T A NG WA ) FRTHTHEA T 20 AT, I R i 2 M
AP0 s, AT HL R E 5 KV,

Ji2E BRI - H A M BE % B GB/T 1040.2—
2006 32, $37 18 3 %8 2 mm/min , % AH ] 40 2 4514
TRIRE SR BRUS ARSEA TN, 22 S5 O IME
2 SER5IFE
2.1 NC# 3] A% PS/CNTs # 25 44 % v

15 CNTs A1 NC O IE S SEM R /-, H
B 1EH, JRIR I CNTs K 2tk DRI A7 1
NC K H 2K, K2 B8R NC &% [l € CNTs H 78
1 [ PS/CNTs/NC & & #HBHEBH R 1520 . A E 2
ATLAVE 2 A A BHG HLBH R B NC & 5 38
M H/ N . BRI, 78 CNTs i /050K 0.5%
PR 2, 2 NC T 53 5GE 21 0.5% B, LA

(a) CNTs (b) NC
[E1  CNTs 5 NCH# SEM & F(x10 000)
Fig. I SEM photos (x10 000) of CNTs and NC

Ig[p/(Q'm)]

4

0o 1 2 3 4 5
Mass fraction of NC/%
P2 NC &b [l CNTSs BTt /-5 PS/CNTS/NC Z 45418
FLBHLZR () A 2R
Fig. 2 Influence of NC contents on electrical resistivity (p) of
PS/CNTs/NC composite with fixed CNTs mass fraction

RE#) 10" Q-m. SR, B NC & gks g in, I
T WL B T IR 82 1) PR BFLR R B i — B [
R PRAE CNTs o1 5 53 8053 0 1% F1 2% ik F& b
L NC 5 CNTsfETEBAE R L . 2 NCH =
/DF CNTs %8 i i, NC Jo ik 52 BT CNTs #78 3L
A3, LR R I AN . 2 NC & T CNTs
i, 3k 22 110 NC A 28 11 FL BEL 58 110 52 ) 1 2RI
DL AFSE 45 RS0, 24 NC A 5 CNTs i A
[F] A, NC X CNTs 1 43 TR B b, BB R i
RH AR B e K. NI 2 ] LA 7E CNTs 5
NC it oA 1 LB, FIR A NC HH EL , B (R R
CNTs 7 2 B3I, NC 95 | A R AR 52 F B2 A1
AR AE B TS, X PR A 4R R CNTs & i 23 2
PR AR S L 45 AT B, FEI A B 2
W 25 (0 52 5 AR HR AR I NC X LA 4K 2 T ol B 7
JEE 114 5 FELGE 5, PR IHE NC AR IINZE 25 CNTs 5 1 (4R
F O HL B e B/ X — RS R 5 2 AW
SCHRFAR— 2,

F 3 /R T CNTs 5 NC (Fikt b 1: D)E R NC
(51 AN A MR B 2 . B 3 T LR
W, KRB INNC, #E CNTs 7 5 BRI (5 1 40 0k
0.5%), 2 & M B IR R IE B B X 2%, 3X B CNTs
FEEAR N LUK T8 A2 7, FLBH R 5 R 8 CN'Ts



4 ARSI 2024 4F 55 52 48,55 2 1)
o AR FV, AR K CNTs FINC 19 & 42, B
12t T PSONTING SRTE—E R L BENS AR SL N S v X 2%, (H X 4
Elgj A E 3 I R AT B, DRI R BHLR T HH B K
S 6 R 2 1 B T AAE Tt 53 50CH 2% M LA 1 CNTs
= FINC PR Z e, 4k2E RSk CNTs FINC rdit, R Z )
N HL B R AR AN

o 1 2 3 4 5
Mass fraction of CNTs/%
€3 PS/CNTs I PS/CNTs/NC & A1 EHEHLBL R () (CNTs 5 NC
BN 1:1)
Fig. 3 Electrical resistivity (p) of PS/CNTs and PS/CNTs/NC

composites (mass ratio of CNTs and NC is 1:1)

FHLEIEAR T HRTEMANC Z 5, BN i & 45
#4 0.5% CNTs [ PS/CNTs/NC 14 2 1) Ht, B %R T [
£ 10" Q-m. Rl KR T CNTs & &t 19 i — 25 1
I, PSR 2 H BE AR 24 1 BRI B R e, 1 PS/CNTs
FAEE ,NC 85 1A A 3R Ho, B 258 A o A1 et 22 K
SR BE A CNTSs &5 5 A 4k SE 38 i, 6K 28 1 e BEL

Ly, s e P

) pun
(a) CO.5NO

(h) CINI

At

k) CINS

%] 4 >4 PS/CNTs F1 PS/CNTs/NC ¥ UM W 18 114
SEM 1% . M 4 7] LI, #E AR U I NC # PS/
CNTs & 2 (ILIE] 4a 8] 4b F1 & 4¢), 440 243
4 0.5% 1 CNTs B, (R R A WS S W] I Y CNTs
W £ 2548, CNTs LA I8 2003 A 76 Sk b, 3R R0
PR HL %, ARSI CNTs i 0 802 1% I, 1K
Z i B S A CNTs P 38 X 38, {E A 8 1 —
FEBE A AR S5 44, BER , B BH %235 107 Q -m, FREA A1
RENTRIE BT — 2 B T R . R 434
h1 2% CNTs IR R, B B A8 8] T B o 41

CNTs 5 # M 2% . 7 il A NC /9 PS/CNTs/NC & &

(c) C2NO

]

(1) C2N5

4 PS/CNTs 5 PS/CNTs/NC (il SEM [£](5 0004%)
Fig. 4 Cross-section SEM images of PS/CNTs and PS/CNTs/NC (x5 000)



TR, 5 - ROE LI ARSI T L U SR 4 P fE 5

o, 2 NC RS BCR 0.5% (UL IE] 4d~18] 46), A
4d FillEl e ] LIS A R E 4 S N4 1P
A, X FRBINC 5] Ak T CNTs ZEK & i i 43
A, A FEAR TP Rl T B, R0 B R R RE
TEE 4g v, 4R S0 R NC Y B0 80E 1%, IR W
B i M I R A8k, (HJE Y NC BT it 7 80y
5% B, DAIET 4 Hra] LA 3] /b i ) CNTs B AT 3R
A, 3 15 BF 458 3 118 NC IS i 25 3 80 CN'Ts #2357 A1
o HI, XU 70 %8 0.5% CNTs & 45 41
BHA R NC R ECH 0.5% AR A %,
HICNTs ENCHI A 111,

Ti4h, N 4e 7T LA H, 7E CNTs it & 43 50k
1% MIIHOL T ,NC & A fm BT USRI 4 CNTs
(A A SR A, R B LB, W48 o ot 3t 4945 0.5% 1 NC AN
B LA TE AT HE CNTs R A dRSE G T NC i 534K
2 1%, 7£ &l 4h 1 LT B A W E 2 CNTs 114 A1 R 4K
2 NC i 250 AN 2 5% i (A0 & 4k firR) , A 4k
Hn] AW B HB 20 A CNTs A1 BRIk . E 4 AT LR
t,7ECNTs 5 NC i b 1: 1B ,NC AJ LIXf CNTs
A ) R A0 20, (A ONTs 7 A P B A R 31
SHL L, X TR CONTs U8 I (543550 2%)
KRR AEARNIANC B CIE B R 52 4% T HL 45
FESLHE N NC 38 05 A ok W I A2 4k, 18 B 78 5
CNTs 75 T, NC % CNTs 2 H A 5200 A B2
2.2 NC# 3] AN PS/CNTs F 5 PE AL # % v

S /R T NC & i Xt [ %8 CNTs H 7 i i &2
GBI PERE S0 . B Sa AT LU B
NC @I B BG I, 526 AR B o B2 4 i
e X R R 24 CNTs DL BRI A7 7 T PS
B, 5z 2R I VE R, AT BE S 5 PS AR B uk
SRS o) PAE: =L =W YN (11151 p S Y HE A
R . SR, YRR, B AR Z 3
A FIHEFHI, Y957 0800 CNTs T R AG IR 45 7 7
s BAHCPTAN I VE R, DN 345 52 A A0 BH B o
JE o B, B ARG R PR E H Az 2 Ak b 4y
A CNTs B9S2 M0 o FE 0T 53 0 0.5% Fl 1%
CNTs &R, frfifrnis B Bl 25 NC 1% = 135 A B i
() TR S EPUE T 2 BIORE B Bk B 55 19 CNTs
JITTE B 1D I 28 45 B A KB 1 0 1 FH e A 28] S B AR
FH AR AR BB 43850 2% 19 CNTs f& 2 ok 3
X—#a X RHIRE RPN T —EREN
CNTs (2% , RS TE AN /R HTINHE 3] — & W, JF

HBEE NC & BRI, S BEIEA R AL, X
W R W NC & 1 XS T CNTs I 19 &2 4 0 RHY
WA/ ]N o

—u— 0.5% CNTs
—e— 1% CNTs
&£ 280 —a— 2% CNTs
=
= 261
]
5 24f
172}
= 22}
=
(5]
= 20F
]80 1 2 3 4 5
Mass fraction of NC/%
(a) Tensile strength
5
—=— 0.5% CNTs
o —e— 1% CNTSs
S 4 —a— 2% CNTs
<
2
Na)
ER
]
.2
S
)
K=
=M}

I 2 3 4 5
Mass fraction of NC/%

S

(b) Elongation at break
5 NCHbuf [l E CNTs STt 738 PS/CNTs/NC & 5 41
R PEREREZ IR
Fig. 5 Influence of NC contents on tensile properties of

PS/CNTs/NC composite with fixed CNTs mass fraction

i 1 5b AT UE Y, 24 ONTs i 40 80k 1% Al
2% B, A5 MRBH W R R AR AR 4R
1M, 24 CNTs i /050 H 0.5% i, B NC 75 5t (14
i, 2 AR 24P R T T 29 48.7%, X 1]
fig & K CNTs LR st 8041, H Rl %5 NC 7 2 g3
T, MR ER BT R S T LRI R T
F U100 L 1) 9 SR W T g v, AT LR B NC
5 PS BAR Z IAFFE R/ NZS B, B DA 38507 By ) 4
Hh T A R S AR T B YR

El6 /R T CNTs 5 NC (Fik e 1: D)E T NC
51 ASTE AR PERE = AR RS . A 6a
ATRLVAE 3T AREINNC B9K &R | 72K ONTs 5 i
T, 2 A M BH AR TR IR & AR BT ARk, 4 CNTs
Jo A T 2.5% I B A T R B R
XAE—EFEE E I T CNTs Xt PS A4 (1t 18 55 7
FHo SRIMITE CNTs B /380K T 2% IR & v d i
SIANC, & A BB A B i e 2 58 B .
X I NC 15 AR CNTs 76 PS FEAAR v 20 1, 4l
HRBAE A I T WSO s A e &, DT ik 25 4
TR AR RREREE . & 6b R NC 5] AJF:



6 TR

2024 4E 45 52 4 45 2 1

RXF AR R R A I 520, B3 CN'Ts
A A3, W R R s T R X
RIS RE YR 8] 4 T EZ M )
O FET AR RHE R R

33r
—=—PS/CNTs
—e— PS/CNTs/NC

W
(=3
T

o]
~
T

Tensile strength/MPa
[38)
~

[\S]
—_
T

2 3 4 5
Mass fraction of CNTs/%

(=}

(a) Tensile strength

W
l

—=—PS/CNTs

=X —e—PS/CNTs/NC
24t
B
ia)
=
53
8
S
2
821
m

1 Il Il Il L J

o 1 2z 3 4 3

Mass fraction of CNTs/%
(b) Elongation at break
€16 PS/CNTs 1 PS/CNTs/NC B AR it fE(CNTs 5
NCHIBTH A 1:1)
Fig. 6 Tensile properties of PS/CNTs and PS/CNTs/NC composites
(mass ratio of CNTs and NC is 1:1)

2.3 S HRATE % PS/CNTs/NC ¥, L5 64 3% vy

& 7 R T 2 BRI R CNTs 5 NC B el
1:1 8 PS/CNTS/NCE A PR AR 52 . K7
ATLAE H, CNTs 19 T 5 53 80R 0.5% H 23 B[]
5 min i, 25 MBI HLBH A 10° Q-m. K110, B
MR R A A4 H BB R 22 10° Qe m, 2
CNTs Jii 5 43 50 28 1% I, PS/CNTs/NC & £ 14
B T FEE 10° Q- mo %5 5 B (8] 2E K % 10 min
J&  ZA MR R BRI — 2P B 2 1.54 Q-m, HLFH
RS TR THAMARYCEE T B R
o BEA, 7EANTHE CNTS/NC & & (R & b, % 5 it
5] A4 S 4 344 B T CNTs A 3850 2010, it — 4t ik
TS HL M BT R

& 8 7 T 4% I ] 24 10 min B CNTs 5 NC
Frte o 101 2 A MORHR Z MG Wi SEM 51, iR
& 8 T LAt , Bifi 4 %5 R B B3 N 2] 10 min, JE R
DRPPRZE AL T NI i . 7E CNTs i 050k 0.5% Fif
(LI 8a . &1 8b) , 1A 2 HR L I8 B T 45 A B %) PR
ghkey . E 8 AT LA H ,NC 5| AFEM T CNTs

—=—5 min
L —o— 10 min
E 8t
=
S 4
K=
o
-4

0 1 2 3 4 s
Mass fraction of CNTs/%

7 SRR PS/CNTs/NC & A #EHL B (o) 52 I (CNTs 5
NCH Rt R 1:1)
Fig. 7 Influence of mixing time on electrical resistivity (p) of PS/CNTs/
NC composites (mass ratio of CNTs and NC is 1:1)

Squm

(a) C0.5N0.5 (x5000)

5 ;

(c) CINI (x5 000)

(f) CSNS (x20000)
P8 SHEINHA S 10 min A9 PS/CNTs/NC HY i T SEM &l
Fig. 8 Cross-section SEM images of PS/CNTs/NC composites with

(e) C5N5 (x5000)

mixing time of 10 minutes

7 PS FAR A 4041 , CNTs 4341 76 NC ks J& Bl . Fifi
% CNTs FINC [ it 70 5082 3 2 1%, (R R P iy g/
NC Ut Fll CNTs 78 HAR s S [RE l 1 51 2 01 45 2%
(R AR 45 R (LI 8c AR 8d), TR FEE 11X
Tofr O PR 225 449 B G2 7 o o) B I 3 (1] Be), X e B
Bifi % CNTs FlINC (3 70 0 55 LU 3 &, ARSI
RINFEEFEEIE AL ONTs SR, S35 R R] A 10
min B, NC J0kr (1) ELARARFR B /)N, 3 (i 15 NC 7R LK
B A S 4T 20 A, [ 75 CNTs XE LA AT 5B . 4K, 4k



TR, 5 - ROE LI ARSI T L U SR 4 P fE 7

ZLHEK CNTs FNC H 3 70 1 (&1 8e AT 81), HLAATE
BT R R B YT A (H L B R R T
I EEY, X FEIAE CNTs BN 1% B B4
IKBNB U A, NEBTE L T 52 2% 1 AR S rL 4 1
YR SEHG IR I 2 IR = A B B A5
2.4 FHratiE* PS/CNTs/NC /1 S ARG 7R

P9 kst R X CNTs S5 NC it e 1: 11
PS/CNTs/NC & & WA RH BRI 520 . MAIE] 9a 1]
DI AN )25 R B [T e s B 52 00 AR AL ) A
AR, B 25 R T TB) A 14 0, 526 A BHR il
FERETIN, fic e v T 50.2% , 1 2 IH 25 HR et ] () ZE
Al LA R CNTs/NC 78 PS AR 9 438, AT
REAIC T IR T B v (TR B CNTs W 25 25 # g
WA RS E e AT BE B BEE . NEI9b i LR
BRI A X PS/CNTS/NC &4 1Y BT 24 i K
TR K

36r

—=—5 min
| ——10 min

w
[

Tensile strength/MPa
[\e)
o0

24r
20 L I Il Il L J
0 1 2 3 4 5
Mass fraction of CNTs/%
(a) Tensile strength
5 -

—8—5 min
—e— 10 min

I~
T

[\S}
T

Elongation at break/%
w

—
(=]

2 3 4 s
Mass fraction of CNTs/%
(b) Elongation at break
E9  BERET X PS/CNTs/NC & A EH AR RE 50 (CNTs 5 NC
BB 1: 1)
Fig. 9 Influence of mixing time on tensile properties of PS/CNTs/NC
composites (mass ratio of CNTs and NCis 1: 1)

3 it

K FH I8 Al HR (%) T3 2k i M) il 45 1 PS/CNTs/NC
BAEME NCISIAYET CNTs 76 PS JE{RH 1)
A3, AT SRR T 52 G A 32 DA ] 1R R BHL
RIS TR A BRI . OWIE 5 R AE
5N, i NC By 5 A T PS H CNTs A1
PREYTE R, P2 E T CNTs 78 PS R v (1 2 5] 43 1l

[Fi Fo i 55 %8 42 P 1] B9 15 0, NC rpRE AR AR, A B T
HE— 2P {2 i CNTs T fL I 25 (19 TE 1, JT R P I $2 7
HAMEHLMGREE . NC 5 CNTs £E7E — e fE 1
R LB, e BT LN 12 1, NC HI5 AR LA
A A AR i CNTs 78 PS FEAR B it R 47 ) 5 H
P25

& %

[1] LIJ,LIY F, SONG W, et al. Boosting interfacial solar steam
generation by three-dimensional bilayer cellulose aerogels[J].
Journal of Colloid and Interface Science,2023,650:339-349.

[2] ZHAO Y,SHEN TY,ZHANG MY, et al. Advancing the pressure
sensing performance of conductive CNT/PDMS composite film by
constructing a hierarchical-structured surface[J]. Nano Materials
Science,2023,5(4):343-350.

[3] X, SKBRAL, AN, 45 . PLA/CNTs & 0 A bR il £
[7]. TARIARLRF L 2016,44(12):104-109.

ZHAO lJingjing, ZHANG Xiaoli, SUN Baojia, et al. Preparation of
microcellular foamed PLA/CNTs composites[J]. Engineering Plas-
tics Application, 2016,44(12):104-109.

[4] AE7E K JHBRAKE O PCL R G ARHT]. TR SRHY
2023,51(4):21-28.

HUA Lei. Long, short carbon nanotubes modifying the polycapro-
lactone flexible composites[J]. Engineering Plastics Application,
2023,51(4):21-28.

[5] L, it JRVEEF- , A5 FLAT B B 4 A 1) R P 0 /Bl 2 KA AL

o BEORE IR ) A K HL B T BE (D] BT K 2%, 2020, 37(8):
904-911.
QIU lJian, JIANG Zhiwei, XING Haiping, et al. Preparation and
electromagnetic shielding properties of polypropylene/carbon nano-
tubes composites with segregated structure[J]. Chinese Journal of
Applied Chemistry,2020,37(8):904-911.

[6] RMS &, 5EF 5 . EP/CFDSF/CNTs & G A RHY 77 2% PERE A 271
fE[]. LARMRLRL T, 2018 ,46(4):17-21.

ZHANG Pengfei, KOU Kaichang. Mechanical and electrical prop-
erties of EP/CFDSF/CNTs composites[J]. Engineering Plastics
Application, 2018,46(4):17-21.

(71 2R, 5K, T, % . ER/MWCNTs &2 & MRHI il 4 KL AR
B[], TREEALN T, 2023, 51(10):14-23.

LI Feng, ZHANG Mi, YU Zhou, et al. Preparation of EP/MWCNTSs
composites and their piezoresistive properties[J]. Engineering Plas-
tics Application, 2023,51(10):14-23.

[8] GONG X,LIU J,BASKARAN S, et al. Surfactant-assisted process-
ing of carbon nanotube/polymer composites[J]. Chemistry of Mate-
rials, 2000, 12(4):1 049-1 052.

[91 I, E1F 55, BRLUR, 55 . 2R-B WI/CNTs & B RHE 4 K
SAPERER I K 2K (7], TARBRLT, 2012,40(4):91-95.



AR

2024 4E 45 52 4 45 2 1

[10]

(1]

[12]

[13]

[14]

XU Jingli, WANG Danyong, CHEN Yiwei, et al. Preparation and
influence factors of mechanical properties of polymer/carbon nano-
tubes composites[J]. Engineering Plastics Application, 2012,40(4):
91-95.
BAO H D,GUO Z X, YU J. Effect of electrically inert particulate
filler on electrical resistivity of polymer/multi-walled carbon nano-
tube composites[J]. Polymer,2008,49(17):3 826-3 831.
ARAO Y, YUMITORI S, SUZUKI H, et al. Mechanical proper-
ties of injection-molded carbon fiber/polypropylene composites
hybridized with nanofillers[J]. Composites Part A:Applied Science
and Manufacturing,2013,55:19-26.
BAO S P,LIANG G D, TJONG S C. Positive temperature coeffi-
cient effect of polypropylene/carbon nanotube/montmorillonite
hybrid nanocomposites[J]. IEEE Transactions on Nanotechnol-
ogy,2009,8(6):729-736.
AL-SALEH M H. Effect of clay addition on the properties of
carbon nanotubes-filled immiscible polyethylene/polypropylene
blends[J]. Journal of Macromolecular Science, Part B, 2015, 54
(10):1 259-1 266.
AL-SALEH M H. Clay/carbon nanotube hybrid mixture to reduce

the electrical percolation threshold of polymer nanocomposites[J].

[15]

[16]

[17]

[18]

[19]

Composites Science and Technology,2017, 149:34-40.

CHEN J, LU H Y, YANG J H, et al. Effect of organoclay on
morphology and electrical conductivity of PC/PVDF/CNT blend
composites[J]. Composites Science and Technology, 2014, 94:
30-38.

PALZA H, REZNIK B, WILHELM M, et al. Electrical, thermal,
and mechanical characterization of poly(propylene)/carbon nano-
tube/clay hybrid composite materials[J]. Macromolecular Materi-
als and Engineering,2012,297(5):474-480.

IR RGN, A5 L K DU H SRR L 0 i A
RE[D]. TRV, 2023, 51(9):21-26.

MA Yi, ZHAO Zhenlun, LIU Bibo, et al. Preparation and proper-
ties of permanent antistatic polystyrene[J]. Engineering Plastics
Application,2023,51(9):21-26.

KIM D, SRIVASTAVA S, NARAYANAN S, et al. Polymer nano-
composites:Polymer and particle dynamics[J]. Soft Matter,2012,8
(42). DOI:10.1039/c2sm26325d.

LI Z,LI X, SUN C, et al. Effect of nanoparticles on fibril forma-
tion and mechanical performance of olefinic block copolymer
(OBC)/polypropylene (PP) microfibrillar composites[J]. RSC
Advances,2016,6(89):86 520-86 530.



