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WE RABSRBIEAFLER A I A6 T RR O (PS) B 2 BE UK (MWNTs ) 4 # 8L H
TEM, FTIR, UV, XPS, GPC Fl TGA W58 T & ARSI AN TERE. 4550, MWNTs XK 2 MRS LA
AIHWER, BROIEHE MWNTs, PIE Z EABGRNAEEAER, 24 R RER B E, RiRs
FRREE DA 388 CHEn 3] 422 C.
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RIS (Carbon Nanotubes, CNTs) E—FEREIE S AGHTRIRE ", EWIBIY | (b | AHRIRIF 54T
B Z " BEY/CNTs EAMELEA CNTs RSB , Ot SR MERERIER A5 T
PR T F ONTs Akt Bk, siovE e, SR A W ARG 4590 1 22, B 1/, KiifE
S, SFEEGHEHEREALZE, RN, & 20T A H R G & 1EREIL R ARG 1)/ CNTs 414
R R — AR A HURIR S (292 x 10" ~ 10" Hz) , HoH 25 01 A REAE AR ok 1B P 7 2 SR
(295000 °C) FIEIE (20 10° Pa) , AR NERAER BLACAE T IEIE A S ks R S RIBE &, CR AT
A AREFLIR A RO A iR IR SLICR A B IO RR 7 " IFE TS | 30 BRI T AT
WM B, ARSI S I AR LI (PS) /CNTs EAMRI Kl s A2, 7EsMms | &FIM &0 T
ST ARG (St) BARTE CNTs RIH WAL R AR CNTs fEE G FLIRT 19351 738, S CNTs (92 1H 2l
PEERAL T — PR, VI . RIERIHTE. BT T TS R GRS SR, 5%¢ T CNTs X 2R &
B2 , BB B SRR C M5 CNTs Z Al AR AR LA .

1 SLIEERS

1.1 RAFISEE

ZRERRNKAE (MWNTs) , B1E2) 8 ~ 15 nm, HEPLEBE A WAL FBF =5 KM (St)
rMrall, REET AR RN ST =40, Gk R 2R B 2B R R G MGR A& T b LR il
(SDS), 4rtfral, BsARRHE L T30 . SR 20 kHz B98I & 4 %% ( Sonic & Materials Inc. USA, VC-
1500) , %S ATIE RN S S {ATE . JEM100-CX BB 5 it T %% ; Nicolet 560 7
LLAMEIEAYL; Shimadzu UV-240 BYEEAP-AT WAL ; XSAMB00 BGHL T-RETGIX ; Al Ka(1486.6 eV) 4k
FIRIR , HASHE 2.0 x 10 ° Pa, I3 12 kV x 15 mA ; HP1000GPC 43H7 2%t ; DuPont 2100 #MHTX;
NSl A2 100 mL/min, FHEEH 30 ~700 °C, FHEHEZE 20 °C/min.
1.2 HmEE

#4100 mg CNTs F180 mL FiH43E0H 2% Y SDS AKIF BN AR W 258, VCA500 B 75
KRR (450 W) Z3HS min, SRIGMIA 2 mL B, 5@ ZHEA S min J5 R IR A 45(900 W) 51 R RA
SN, TEFR KR 30 °C, NS 50 cms/min, S — g B[R] 515 ke v, 152 EW)/CNTs B &

WoR H 1 : 200640-08.
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FL. Foh 2L FHTOK CBEvKURIEZL , 8, R, F2s T, ERHEas h 2R E 72 h
BrAEHAERY, THREREIREY/CNTs E6 ML RN CNTs By PS # 5 Bl &0 #2 F ] L, Brissl
WAL, #hik, vEik, TR RAREY.

2 H#R5Ie

2.1 TEM &%

AR TEM R (1) 68, JFURE MWNTs B4 420 10 ~20 nm, RGP VIR R LB
PRI, PARTE CNTs RMEA, $45 PS A8 CNTs 45K, 1R E 50 ~ 80 nm, HAFEEASIRMNY R
-, R R IR FLIRR A, TR AN LR R AT, 8 B 75 Dl s i 7 23 A A i ml il
TRZ P EK . FULRISE T A m e A i, S ONTs i35 BRI BAARTE CNTs R IR S, X Fh
Jrikl T2 O FE R (NI IR IE T 1R . WIS TN IR . R O %) MO [RIZEA ) CNTs[ 4n
MWNTs FIELEERRANKAS (SWNTs) ].
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Fig.1 TEM photographs of raw MWNTs(A) and PS-encapsulated MWNTs(B)

2.2  FTIR 2 UV 43#7

2 %28 a ~d 735 MWNTs, PS, PS5 MWNTs (4 faj BB AR IRHH IR J5 10 PS 07 MWNTs
RESRBILLAMGIER. 354 o 7, 1112 em ™' & MWNTs $5 80X ARAE R Mol ; 1548 b R T PS SR A il
TEHT 5 2R ¢ J& MWNTs Fll PS LM GRS RSN, MiiELk d W, S PS/MWNTs A 5 28 R
R 72 h 5, HLAME R P U5A PS FRAF % (3060 ~ 3025, 1937 ~ 1750, 1602 ~ 1447 cm '),
ULAH PS 5 MWNTs 2 [BI7F7EHsm AR ELAE . nl D 7 s BRSPS A 2 e MWNTSs 76 &4
MELLAT LA K5 TG A A 5 55 1 — (g BT A RA A 1.
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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 MWNTSs composites after ex— MWNTs composites after extraction(d) , in SDS
traction(d) aqueous solution

K 3 3%k a ~d 4r5& PS, MWNTs, PS 5 MWNTs () fij 8o 6 9 DL R & Rl 42 /5 19 PS £ 78
MWNTs #f 5 L IMEIROGTE. T2l REI , 54k o 76 244 nm ZbEY 58RI IH T PS H2R3F L m—
m B FERE ; MWNTSs 7 247 nm 2RI 5 5 F B R m BB AS AT OG5 154k c MTERUE PS 5
MWNTs 256 E A AT AT SRS = A L (18] 3 3548 d) 76 202 nm Ak H BN I i
VLA CNTs X ERE AN PS A WRGIEA, LA R » B FE3IZR, S ron BEIIHRER
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FhE, G T PS 7ESAMGIX ORI, RIAEH] CNTs 5 PS Z IRl fF 7R 1A AR H].
2.3 XPS # GPC 4#f

XPS REUERAEAE SR MICR A2 AR . SR XPS X MWNTs Flifi$2f5 PS A MWNTs # 5
T T REOCE T, ITEN C O JR &, KIZHr H BRA A FLIROR A N AL B S , MWNTs
A C I 97. 1% BN 95. 6% , O[5 5 BT RIETR, H 2. 9% ¥5ME] 4. 4% . XJEH TIE
YERF, MWNTs g4 afbnE], w4 5 im i, St R e R R G, — S0 & S SE A an ik 5t
5] AR CNTs 1. 4 (A) FI(B) 20518 MWNTs A5 PS f0 MWNTs & S4B €, 6H
TREREIA , 4 MESHIFRR C—C, C—0, C=0 Il 0—C(=0)—O0 ity C i Fry4s&fe. RIEK 4
A ERY TR AT DA T3 B AL TR R A2 255 v A i I AE PR RIS S R T & i (R 1) AT UL, MWNTs
HILE C LML, B C—C 508 . OV SR =94, MWNTs K1 C—C 4580080/,
C—O0 K C= 0 Z5sn, X it B /= IR E A FLRCR A 8 ONTs 2— P E 2B FE.
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Fig.4 C,, narrow-scan X-ray photoelectron spectra of raw MWNTs(A) and PS-encapsulated

MWNTs 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 MWNTSs composites after 72 h extraction

) MWNTs PS-encapsulated MWNTs ) MWNTSs PS-encapsulated MWNTSs
Type of carbon 3 ) ) Type of carbon 3 ) }
Ey/eV x(C) (%) Eg/eV  x(C)(%) Ey/eV x(C)(%)  Ep/eV  x(C)(%)
C—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

AR 244 F Fifs PS B9 GPC ZeAT WLIEL 5. F &L S AT I, # = iR IR LR A s PS4 o) 20 F
RS, TR, 2R D = 1. 41, BLBIA CNTs BRI PS 23 F AR, 2K
B0 T8 M, N 1.30 x 10° g/mol. MWNTs 7716 N R4 s PS(HhLk b) 23 TR0 A YE, D =4.47,
M, 9 1.01 x10° g/mol, HH AR IEFLIBCRA TS PS LR %, Boh, Bhek b AW, Hdgess
AIIEEXT I 2R @ H PS B2 F oA, FTHP T RAG S FEARSZ CNTs 520 TR0 PS; 1RSSR IEIIXT N T
RAFESZ CNTs 2T PS, HATBARA 4 F I AEL T8 0/ F 40 A, XX AT REE P MWNTs A
THFER AR R =AM A R3S, X REABRIEN, R KK S+ AR, k4
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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— a. PS; b. MWNTs; ¢. PS/MWNTs composites

ence of MWNTs(b) before extraction
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REWIKIT T4k 0) CNTs RIAMFEFR L LN, [HHEBIREY AT, 2 FEamiEse. &M
BRI CNTs Z A T k2.
2.4 #ERE

MWNTs &R 3K B 2k ULIKT 6. MWNTs 76 Bl i 58 i [ 9 JL-F- 354 o0 . A &2 & 4 RHA
FRUEPEARXT T PS SEREIRE 1SN, MR GPC 434, KR S Wh s+ = o miRse, HARH5 PS 4+
LT IC CNTs BFRA I PS 43T, HIAERE ST D, KT PS S, SO E A
350 CZHMIKT PS, MMiJ57E CNTs M40 Fi PS e [EFEH T G e Mt PS. & 6 A1, CNTs
PR A = T 5 AR EYE , IR 70 i IR EE DA 388 CHefmiF 422 C, iX 5 CNTs Xf ik
RAEWNFA I, CNTs Fl PS 2 (B 77 7E 5580 A LA FH LA SR AW 5k is 8132 BRI 6.
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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 MWNTs and there were strong interactions between them. Element oxygen
was found to be introduced onto the surface of MWNTSs 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)



