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WE RAESRBIEA LR A AR & T B R O (PS) LB Z BEMR 41K (MWNTs) Z A 8 RL H
TEM, FTIR, UV, XPS, GPC Fl TGA 5 T E &M RN ZE A FIPERE. S5 R KR, MWNTs ¥R GRG0 R
BIHIER, BRI EE MWNTs, B3 Z A RRAMHEEIER, 85I Bk, R 50
IR N 388 CHEEF 422 C.
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BRAIKAF (Carbon Nanotubes, CNTs) JE—FPEREMESEIUBIBIEL ", EWH: | (L% | BORRL A0
WA Z 2 BEY/CNTs B4 MBLEAT CNTs RS AP, 6, SR bERE RIS 5 I T
PSR T ) H ONTs (L2 BRG E , b mxE, SR AW IR S5 s 22, 542/, FRiffe
SR, FEOGMRIERRAL 2, W], & 2T oK H &R RE Il R iR & W)/ CNTs B 544
b R R R A PR S (20 2 x 10* ~ 107 Hz) , 75 28 A0 AR BB 70 M 2 st 18] P9 7= A= s 3
IR (25000 °C) FIfE (20 10° Pa) , o e B4R AL HLACMF T ok B A SR AR =, © T
R R LR A R 7 R B LR S L LA KR RS | R R BARIR R AT
BRI R A, ARSCKE A 5 ARR LI (PS) /CNTs BA MBS &, ZEIMns | ZR &0 T
ST R M (St) HARTE CNTs R 1H (48 5 G CNTs fE2 A FLIR T B9 ¥I 5] 4380, i CNTs 1938 i
PEAROL T — MR AL T80 RIERHTT L. TS T TR SRR H S PERE, B4 T CNTs MR &
B HSEN , ER A B SRR L M5 CNTs 2 [ A7 7505 B AR B .

1 SEIEESY

1.1 AFIEMN=E

ZEERRYIKRAE (MWNTSs) , BARZ4 8 ~ 15 nm, o ERABE R ERA VUL LR 6 LI (St)
SyMTal, KT ERF ST =40, SR 248 B 2 B R F G IR A AE & T e 3L iR #h
(SDS), 43bral, BUEsRH AL Tk . #5820 kHz B8 3 & 2E %5 (Sonic & Materials Inc. USA, VC-
1500) , % a8, RN e B oS HATITS . JEM100-CX USSR i38% ; Nicolet 560 7
ZLAMETEAL; Shimadzu UV-240 BUSHh-nl WOLTE{X ; XSAM800 UG HL T RETE AL ; Al Ka(1486.6 eV) £k
BRI, EZSE 2.0 x10 7% Pa, $J# 12 kV x 15 mA; HP1000GPC 237 & 55 ; DuPont 2100 #/MHT4Y
N, S8 A% 100 mL/min, FHETER 30 ~700 °C, FHEHK 20 C/min.
1.2 HRH&

¥ 100 mg CNTs 1 80 mL JE 450N 2% 1 SDS /KRN AR S B %6 E b, H VC-1500 B8 7 1
KL (450 W) 20 HL5 min, SRJE A 2 mL SR 38 A HESAS min J5 B IR AE AR (900 W) 51 &R E
KN, AEA KU 30 °C, N, 50 em®/min, [N —E W B2 1BV, 1551 A9/ CNTs B &
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A, Hrp—3 3L JOK CEE VKRR, ok, veik, BT, RS PR E 72 h
PrAEPIRY, THESEIREY/CNTs EAMEL KM CNTs 1 PS FE& il st #2151 F, szl
WATFL, Tk, ik, TR RAREY.

2 ZR5itE

2.1 TEM &#h
RFER) TEM BE R (1 1) 20, J5UE MWNTs B4 10 ~20 nm, FFEECIT L RNIR R
PRI, BAARTE CNTs REA, 315 PS U8 CNTs 250y, 4RH % 50 ~ 80 nm, H A REASE MR
S, B R R AR RO LR A, AR AN G BRI SRR T, A B R 7 R B A 7 A AR R el
KR RK  FUEFIS 0T re AR s v A 3L, SCPL CNTs BE 5] 0 BORIBAATE CNTs R RA. XFh
JrkiE T2 OB R (NS IR IE T e . W ETNIG IR G . 2R 0655 ) ZORTRIZE ALY CNTs [ 4n
MWNTs FIEBERR 9K (SWNTs) ].
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Fig.1 TEM photographs of raw MWNTs(A) and PS-encapsulated MWNTs(B)

2.2 FTIR # UV 4347

B 2 $EL a ~d 23518 MWNTs, PS, PS 5 MWNTs B i B3R 9 MR 42 5 /Y PS f078 MWNTs
FERBILTAMCIEE. FE2% o Y, 1112 em ™ & MWNTSs $5 80 BKARE R IS4 ; 31548 b o 17 PS BRI 0zl
TEAT ; TEER ¢ J& MWNTs Fl PS 3 ZLAMGIE ISR ISE d R, JS45 PS/MWNTSs Ff i 28 H R
RICHIE 72 h )5, HLAAMEE P54 PS FRAE % (3060 ~ 3025, 1937 ~ 1750, 1602 ~ 1447 em™')
ULHH PS 5 MWNTSs 2 [0] 47 755 A AR AR . mT DR 75 4 BRI 07 FLIRCR B R i U MWNTSs 76 R A9 h
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Fig.2 FTIR spectra of MWNTs(a), PS(b), sim- Fig.3 UV spectra of PS(a), MWNTs(b) , simple mix-

ple mixture of PS and MWNTs(¢) and PS- ture of PS with MWNTs(¢) and PS-encapsulated
encapsulated MWNTs composites after ex- MWNTSs composites after extraction(d), in SDS
traction(d) aqueous solution

& 3 3%k o ~d 23 592 PS, MWNTs, PS 5 MWNTs £ ffj 80 R 4 DL B & A4 5 /9 PS fu 7
MWNTs #f 5 RSN IBOERE. AT 25 SRR |, %2R o 76 244 nm AL A SEWOE )T R F PS h283E | m—
" L GE ; MWNTSs 7 247 nm 2R W 50 F B R m SEREE A G, 154k c TERUE PS 5
MWNTs 48403 B 7 BN AN 5 SRR JS 7= 20 i S AT 1 (1D 3 11528 d) 78 202 nm &b H /N Wi i
LI CNTs X R MR PS A RGIER, MHLILSIAR 7 B FEaZ R, S ror” IKEIHERE
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T, AR 1 PS 7E 225G X B, RIFEBEAT CNTs 5 PS Z [RIFE7E RS 1 AH BAE .
2.3 XPS 1 GPC & #f

XPS BEERAEAE R T IC R WAL= S A . R XPS %F MWNTs Fiffi#2 /5 PS £185 MWNTs i
AT T RMICRE AT, FH 8 H ¢ Mo JRTF& i, IS fE R A FLBCR & VAR PR JE , MWNTS
R CJRTH 97. 1% FEKR 95. 6% , O, (55 WIBA ISR, 2. 9% BInE 4. 4% . X FEB~
YERT, MWNTs 8§ 8CRY1E], R = A B G E s, St BATE I RIIR A, — 2o & AL A i dt
G AE] CNTs . K 4(A)FI(B) 2355 MWNTs Flh$E)5 PS U MWNTs & AR ¢, 0t
TREIG A, 4 DS HIFER C—C, C—0, C=0 M 0—C(=0)—0 Zityh ¢ [P HgEa e, MK 4
AR AT DL th Ak TR Rk 2= 25 rh i S AE PR RE i R TR & i (R 1), mI DL, MWNTs
HIGE C MBI E, HLL C—C 258 . NG P4~ , MWNTs i C—C 519580,
C—O0 K C =0 g5ky¥thm, Xt il B A 4R BRI FLIRCR A0 CNTs & — N E 24t 2.
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Fig.4 C,, narrow-scan X-ray photoelectron spectra of raw MWNTs(A) and PS-encapsulated
MWNTSs composites after extraction(B)
Table 1 Binding energy E; and content for each type of carbon on the surface of raw MWNTSs and
PS-encapsulated MWNTs composites after 72 h extraction

Type of carbon MWNTSs PS-encapsulated MWNTs Type of carbon MWNTs PS-encapsulated MWNTs
: Ey/eV 5(C)(%)  Ey/eV  x(C)(%) Ey/eV x(C)(%)  Eg/eV  (C)(%)
Cc—C 285. 00 66.7 285.01 63.6 C=0 288.00 6.7 288.03 9.1
C—0 286. 30 21.3 286. 26 22.2 0—C(=0)—0 290. 46 5.3 290. 63 5.2

XA EAE T it PS 19 GPC AT WLIE 5. I S vl UL, M FRIEZLBCER A5 PS(HhZk o) 0 T
BRI, ISR, ZEEEEID = 1. 41, BIHIEA CNTs BRI PS 4> F B4 B As, Bt
Y534k M, 1.30 x 10° g/mol. MWNTs ££75 543715 PS(IHZE b) 4> T3 W A8 98, D = 4. 47,
M, 1.01 x10° g/mol, [LABF 48 IBFLI R A IS PS IL— B, Bab, Mgk o HWig, Kb
AT N ZR @ 1 PS 43 F 5504, nTIE TR G FEARAZ CNTs sE M PTAR 04 PS; 11 5556 A D) X6 1
B A WHEZ CNTs ST PS, ELABARA 43 F = A 5 1 43 F o0 A . X AT REJE M MWNTs RAX
THFER AR R A0 F 2, XPRA A BLRIER, R B e FEAE R K i Ko+ A 2, RE
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Fig.5 Molecular weight distribution curves of PS in Fig.6 TG curves of samples under N, atmosphere
the absence of MWNTs (a) and in the pres-

ence of MWNTs(b)

a. PS; b. MWNTs; ¢. PS/MWNTs composites

before extraction
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BAEY RS Tk CNTs R EEFE R LR, MR FREGY 5PN, o FREomAv. FH
BRI CNTs Z B R T 1b2 4t
2.4 #Hifge

MWNTs 4 2 (38 B i 2k DL 6. MWNTSs 76 i i) 3 B8 Vi 1R P L 38 A 0 ik A i &= A b1 k3R
FUEPEAXS T PS SEREAIRE 1. MRAE GPC 43T, KRR AW hor TR AR5, HRH4: PS /7
LTI CNTs BF R A 15 PS 40 F . BIAEIRE /AT, K413 PS Jeorfi, SEOLIER et
350 C ZHIE T PS, WiJG1E CNTs K412 PS SLRIVE A T R e B i PS. HIEl 6 il %1, CNTs
AR A & T 52 A M RIS E P, R A 4 L DA 388 CHitfmiH] 422 °C, iX 5 CNTs X Hiffk
BAEWNBEA KM, CNTs Fl PS Z [ 47 7E 550 A A ELAE FI LA SR B 9153 1% iz o Z PR A .
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Structure and Properties of Polystyrene-encapsulated Multi-walled Carbon
Nanotubes Composites Prepared Through Ultrasonically
Initiated in situ Emulsion Polymerization

WANG Zhang-Yu, WANG Qi”*, CHEN Ying-Hong, XIA He-Sheng
(State Key Laboratory of Polymer Materials Engineering, Polymer Research Institute,
Sichuan University, Chengdu 610065, China)

Abstract Polystyrene-encapsulated multi-walled carbon nanotubes ( MWNTs) composites were prepared by
ultrasonically initiated in situ emulsion polymerization. The structure and properties of the obtained composites
were investigated by TEM, FTIR, UV, XPS and GPC etc. . The results show that the in situ formed PS layers
were encapsulated on the surface of MWNTSs and there were strong interactions between them. Element oxygen
was found to be introduced onto the surface of MWNTs during the polymerization process. Meanwhile, MWNTs
also consumed the macromolecular free radicals generated nearby, leading to the transfer of PS macromolecular
chains onto the surface of MWNTs and the termination of polymerization process. As a result, the relatively
lower molecular weight and broader molecular weight distribution of the formed PS occurred in the obtained
composites. TGA analyses proved that the thermal properties of the PS/MWNTs composites were greatly im-
proved.

Keywords Carbon nanotube; Polystyrene; Ultrasonic wave; In situ emulsion polymerization; Composite

material (Ed. . W, Z)



