&40
2006467 H

[ A No.4

ACTA POLYMERICA SINICA

Jul., 2006

RAPHSEmMAKENBELRERR
FHBE BET REF HEWT

(HHRELETHERSTHEN AAHBATHESIRE W 100084)

w = PR T RO 8 A B A 0 A0 T M L A B B N K B (MWNTs) 5 2 ¥ 00 8 0 2 ) B2 (4R
W= 3:1) A0S, A FIRE MR MWNTs 50 SR BREKH MEE (CMA) , RZ B NA ST BB RELA
(PS- g-(GMA-co-S0) ) TR VR SE IR 2% HERCB4E MWNTs L A0 32580 GMA 7 4 1O 3F 4L B0 2 1) % 2 RAL L
R, 9H MWNTs EE A b PS g-(CMA-co-St) . R BMEE R, 1k MWNTs FHIE B 21 40 nm, i B4
I PS-g-(GMA-co-St) B9 B ¥ MWNTs B 42 7] 3545 100 nm ., JH 1L 55k 1 ( THF) %) % /2 0 9 PS- g-(GMA-co-S
PhE , H B2 M E 2129 40 nm, X FEAT M B A AL MWNTs B B2 4 — 3 4 21U 65 MWNTSs H & FT-
IR 4h47 % B MWNTs R C 77 7E8E4% PS. K E %3 PS-g-(GMA-co-St) B1 /5 , FT LUB MR , 9 MWNTs 7

BAYREE R LB S AR RRME T R E.
@ FERBAKE, PSg-(GMA-c0-81), BH

BAKERSRAE ABSREKBAH AL,
g1 H & NEC 2 7 # Lijima B 56 2B 4E K —Fh
R RST R MR, B THARRNMSES,
PIEHZE MRS AR, IR THEBIRANZ
i HNEGERFERBAD KB TH
HS HEFEESHR Y SELEEANTHEM.
Beah ok B AT BL A g B BE R 94 K (single-wall
carbon nanotubes, SWNTs ) T £ BE B 44 % & (multi-
wall carbon nanotubes, MWNTs) .

B FROCRER B T RRBVER, A ST
SFREITRRMTEREE L AR B EER, MY
WTHAR. X TRERYKEHERER SR
BT LA P9 4 A 30 4 B RO O Sk R Bk PR A T
AR E AT RT S e FRAR AL,
LB B4 T HEAT IV , sl @ I A 2 ORI 3R
B 7E T P A 4 B Smally &7 H SR
REFBIETE K, 3:1 MIRMB AR R R RE 2
B 4H K “90 AR 7100 ~ 300 nm MEE, BEFEHH
EHEL K 41 HIRFIBEA 30% A EL, [FH
R R B RR AR E Gl RER AL, ]
LRSS R EH YA R B E Ry
B B RS AT EMREEEERAT AT
REEEEA YR, B 2 IR AW L.

BAXE - BAVERWEBRMMIARRLZ

— B ERBMR S E SR, TEEREN
Y URSEEED FEA RN BE, XMW
REBRAKREEREAMB LEBENT ZRAERHN
AR RAREREA —ERRMEES, ™ L
ERESYWABETEMFRE. L0 Ding %1 H Rk
MEH SR T SERIKENIE REM
RomALIAERBRHNE AR SEMNEE,
Viswanathan Z" R B THAIHEMNAE TR EX
ik, ik PS SR T ARREMNME L HRIF
THREMEE EdYHEKLE T EERAKE
XERFEESYTNERAESYRE, TUENERS
mZRGAEEERAREESYRFH A
BomEkS, fH— R E QMR R
BB, LI R IR, STHLHE A A0 B 1k RE AL s L 8 R
MAEESVERESYREDE R ER 1
HEFRMET &4, A FEEMMAKRAXERLR
B RS S L R R R AR AR T AT B

A BRI A BT b 1B i 48 MWNTs R
Bt XUE Ay B R K 2 (PS-g-(GMA-co-5t}),
EREESRESDOENIDRE S8

1 LREH

1.1 E#
ERBAXE BEEXRERNIEZRE

*2005-02-04 WeHE, 2005-03-16 B EFERABFE L (L5 50573088) EAER (XSS 10334020) . L HE & (HEE 5
20040003033 ) B B R A E ST MR EETTHNE ; »» FEEEFE N, E-mail : xxm-doe @ mail . singhua . edu. cn



41 ZHMEF REWX B ERARE W OH TR 589

B R HE, 38 O gk 4 1k T %l 48 PS-g-( GMA-co-
Su), 80 A Rl R R T A IR R, M
#, b T AR A= IRHER, tra b
TS A7 Sk, A s, bR T A=
1.2 MWNTs f¥8 4

B3 g MWNTSs, I A 500 mL B3 L1 BSMR B, in A
100 mL ¥ HNO, 1 300 mL ¥ H,SO,, 8 & 4 #
1h,REMAI 70C, #EES 1.5 HRESE
BETFARBRAR SR - XEMELELERR,.RE
R MBI HE, BB pH{EXTF 5. TH
Jo Bp 13 3 3R 46 MWNTs.
1.3 BRAXKE-BESOESUNNE

P 100 mL PO M M, % 0.2 g Rk
MWNTs Z£ 70C T#A 8L 1 h, 8RS WA 4 g PS-
g-(CMA-co-St) B EZBE BERE T R
0.5 h 5, BTk EE KN 1:20 #9381k MWNTs-
BEHEPSHEADER,ICHES A AIRENTE
FEEE AR 1:100 B9 {L MWNTs-8 £ PS
BEAWEH,IC R B, U EA PS B4 PS-4-
(GMA-co-SOPE R IF B, B AR L R 1:20
AL MWNTs-PS IR ST, i AR R C.
1.4 HMEPEIH%E

ETOCT ARt i ARG CHTHIER
BEREER,THAREYEEBRARKREERST,
FH PO ok i O] 36 Bk 24 b, 3% 5 B A PS-g-
(GMA-co-St), LL B Al §E77 #E 1) PS.GMA A1 PGMA
EX ) W e AR
1.5 HEAR

PR FBEERAB.C 1, HE3 B
EHWEAFLE, TREHRTRENE; B, BEHE
A BRMSE BREREREFENG, HBAME
B B S B P ARG AL L L 180°C#MER ] mm
B R A TR A R IT B0, X o TR A DO
R AR 1 h. KRB ER T FEHITA
mAMERNERETRE, B THENRE &
TR EFBEMENELS, UERBRLER
MWNTs, —EREFR —# & L, B¢ EERARER
W HTHE.

B 88 9 Hitachi $-4500 B!, 0 <7 F A4
B R R R PR R S M B bR
1.6 £5MAhR

Xof 1 BR A4k PR S B9 MWNTs, 5 R4 B KB
EPBER ,#47 FT-IR I3

*f PS-g-(GMA-co-St), LA B £ 3 10 &, 1wk g [=]

MWETE 24 h MBS A EEA, C, SRAF M KR
AU f , #1T FT-IR Wi

4T 50 R Nicolet 560 FUE 37 it 25 #a 41 5}
Fe AN, Nicolet 2 7 7= 5 .

2 HR5iITiE

2.1 MWNTs S B4 5h it B o 1F

Bl 1(a). (b) 4+ B 3 47 18 BR 4k B A1 /5
MWNTs KL A B . L8 (a) (b)) BB, AT L E
B, &1 BB AL B K9 MWNTs % 1706 om ™’ &b & &
W PR, L SR L BT LAY MWNTs L3IAT
RE.

006

AN
VAL

-0.02} .

4000 3000 2000 1500 1000 500
Wavenumber (cm™)

o
E

Absorbance
=
8

[706 }

g
2
S

Fig. 1  FT-IR spectra of {a) MWNTs and {b) functionalized

MWNTs by a mixture of concentrated sulfuric and nitric acids
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Fig. 2 FT-IR spectra of (a) PS-g-(GMA-c0-5t), (b) sample A
after washing-up by THF for 24 h and (¢) Sample C after washing-up
by THF for 24 h
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Fig. 4 SEM micrographs of (a) sample A, the grafted MWNTs with polymer sheathing from PS-g-( GMA-co-St)/THF solution, (b) sample A after
etching by THF for 1 h, (c} sample B, the grafted MWNTs with polymer sheathing from PS- g-( GMA-co-5t)/THF solution, (d) sample B after etching
by THF for L b, (e) sample C, the MWNTs from PS/THF solution and (f) the carboxylic MWNTs
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Fig. 5 SEM micrographs of MWNT dispersions prepared
by redispersing the powder of the dried sample B in THF
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STUDY ON POLYMER SHEATHING ON MULTI-WALL CARBON NANOTUBES

LI Hongsheng, FENG Qingping, GAO Yanfang, XIE Xuming
( Advanced Materials Laboratory , Department of Chemical Engineering , Tsinghua University , Bejjing  100084)

Abstract Surface modification of carbon nanotubes by multi monomer (glycidyl methacrylate and styrene) grafting
polystyrene (PS-g-( GMA-co-St)) sheathing was carried out. First, Multi-wall carbon nanotubes (MWNTs) was
functionalized by a mixture of concentrated sulfuric and nitric acids (3:1,by volume) . As a result, many carboxylic
acid groups were created in MWNTs. Carboxylic MWNTs were then mixed with PS- g-(GMA-co-5t)/THF solution,
and the esterification reaction occurred between carboxylic acid groups of the MWNTs and epoxy groups of PS-g-
(GMA-co-St) , leading PS-g-( GMA-co-St) grafting onto MWNTs .SEM observation shows that the average diameter
of the grafted MWNTs from polymer solution is about 100 nm, larger than the average diameter of about 40 nm for the
neat carboxylic or grafted MWNTs, implying that the MWNTs can be sheathed with polymer after modification . After
solvent etching through THF, the average diameter of the grafted MWNTs decreased to about 40 nm again, indicating
the polymer sheathing can be washed up.Otherwise, after washing-up, FT-IR measurements confirmed that a little
polymer still remained on the carboxylic nanotubes.

Key words MWNTs, PS-g-(GMA-co-5t), Polymer sheathing



