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Preparation of oligomericsilsesquioxane core-shell multi-walled

carbon nanotube hybrid materials
SUN Da', YANG Zhi-xin®>, CHEN Guang-xin'

(1. College of Material Science and Engineering, Beijing University of Chemical Technology, Beijing 100029, China;
2. China National Chemical Information Center, Beijing 100029, China)

Abstract: By using BPO as the initiator, octamethacrylpolyhedral oligomericsilsesquioxane coated multi-walled
carbon nanotubes ( PMMA-POSS/MWNT ) hybrids are synthesized under homogeneous polymerization system. The
results of Transmission Electron Microscopy (TEM) show that the PMMA-POSS coated MWNT hybrids with uniform
thickness ae obtained under the homogeneous system. The thickness of PMMA-POSS layercoated on MWNT can be
controlled from 5 - 10 to 15 - 25 nm. The PMMA-POSS/MWNT hybrids are also characterized by using Fourier
Transform Infrared Spectroscopy ( FTIR) ,Raman Spectroscopy ( Raman) and Thermal Gravimetric Analysis (TGA). The

possible coating mechanism is proposed as well.

Key words: carbon nanotubes; polyhedraloligomericsilsesquioxane; coating; radical

[ 1991 4F Lijima'" & Ik 48 K 45 ( CNTs ) K&
1992 4F Ebbesn 25" $5 ] T S0 %8 MU 45 Uik 44 K
EITEE GRS IR )27 (i1 Rk
R, O RS RS s 2 ek
S oA E A RATR i SR AL
ERARSE AR AIAGEN )2 RH HRRGKAE 1
VRN o B 22, 5 HAM B AR A 3 2%
CRRBR R T . T 3 4 R Bk A oK A I
e, GBI 1 3 8, BHIF TAE & AR 5 18
BT TR E IR B K A R w1 e 4
HEATH HI FRFC 5 ) P o TR 45 7 A T R (1
VAT, 4k T 34 47— R 51 B 2 08 A B L, s ATRP
TEMPO 25 K40 PR AT 0 3%ty 5 A
FA B> T FTC AL X B 2 4 A7 e 101
H Al 18 1) ZR TG Ui 45 SR A7 AE a0 e a5 s 1 30 B
(I R s 2D, 45 AN o ; Al A AL F6 B g K
BRI R IR L ™ 5, BSR4 PR BE T R 5 At
PR IRl 72 2K, AN S KA 7. AT A B
HE N HAZ U E R ANOKAE 1 7 VA AR R SR8 20 32

B MRS, Billups 257 BPO 15| & H], 51 %
TP e A 0] 2 B B 490 K 55 AT, 3 3o iz 2 A
PTE ST FEAE, UE B TR L 22 ) 5 0 P R R
Ford 25" ¢ FL GRIRERFE S| &7, 51 BHA 1 XL
SEHTES TR A AT I, K B R D b A
FIBBERR AR 45 1o Zhang 257 F] B HLE A
T, BT A BEAR 1 T 4538 A 1A i g
SR G KA AT UG B TT LG R KA
PR AE

5% T\ LY B BRI 1 POSS (MMA —POSS)
Sy B ok P T 1 el 3R 51 & ) BPO, i)
WL SZBL T X 2 BERR AR S (MWNT) (9 R 451, 7
A A R A, A T R AR R i
BRI AT Z AR L o

1 SKIEERsy
L1 EFE#5RAH

N FR KK P 6 TR T ik 2 TR A~ Ak AU e ( MMA —
POSS) W F 3¢ [ Z% 1k W B 2 W5 22 BE Bk 94 KR A8

¥ F5 B HE 2013 - 08 - 16

TEE R AL (1988 - ), I3 B BIFFE 05 0l M 8 031 S B #1 ), sunda88226 @ yahoo. en; 4% 7R (1973 - ) I3, R, B G RN, P52 U5 1) Ay

1 RBL2# , yangzixin@ cncic. chemchina. com,,



2014 F2 B

(MWNT) g - Hh R} B BCER A HLAL T A BRA v, HAh
RRLH 30 nm; i A AL 2R B (BPO) Iy FJt 5t 8t
RAR TR Aifb 2438570 3 PR 5] ; DMSO . DMF |, CHC,
SEVS NI R oy Bl W T R K KA FRA F]
1.2 5K

L 5 BN K A i D i T DMSO o,
FEATAL 30 min, i NEER X _E BT S TE TeenaiG220
AU B (TEM) UL = 9 B 30, 1 50 6 1%
(FTIR) /3 #fr 76 % F] BRUKER TENSOR % i 21 7
WAL EHEA T, SeFRECD A S AR i, T KBr fif
BEIE R, 5 43 07 77 W0 B O 45 M. L= O
(RAMAN) 3 1 8% [ 75 J& 43 /A 7] 1) Renishawinvia %!
PLE T, WOGIE B Ry 514 nm, P) 30 i K T4
(1) 10% ,FREUD S AR o, BT 83 Bt he
S, AL S BN KA KRk ) FASK T S I R 1
[T 5t TG209F3 YRR T 43 HrfL (TGA) LA, fir
A FE il s A R E DR (30 mI/min ) i
A7, 00 3 B2 3 [ D 50 ~ 600°C, i B
10°C/min,
1.3 EMMA-POSS G ZEMRMNAKEIZFTEZ
TR &

FREUT R 50 mg (1) MWNT F = B, 4%

S

(E#% 105 1)
3 e

(1) X B R AT TR A IR &5 KBS
YA R AL, BT Fe S BT EE Ay B0 A
43.73% F1 45.32% , (b 5 IR FeS, , HIE 5%
HOk JEAPRA R, TE AL

(2) RIS i S0 s s L e (] 3> A
RNHBHRGE, e Ly (3') IEACHR, %421 200 H
W AR AL e i A in U Bk i B L 20 5%
8GR R IR BEXS 1 s SO R BE B2, X AR
BRPWMEE, GHLZAMNT =440C,
p(H,) =6 MPa,t =45 min, [LH} 9330, N 61. 86%
AN 5. 42%

(3) LA FeS, JESAELERIEAE , B Hm AR, %)
TR BT A A — e AR EAE T, X PR AR A R R
PR X A il iR 23 Ay B LT TR

(4) BEA W RERLEE B 980/ )N, A= R AR R e a3,
R R R FT %, il Cau 17 25 L F)
Cat. 5%, A FER TR T 2.47 AN 43 5, B BHICR

INKTE EER U R B E D ERAKERISZTFR BN K AT 1 + 107 -

ik bk 5,10 15 54K vk BREL MMA - POSS, Fi
20 mL DMF ¥%f#, & 1 Bk = B, 8 7 43 1l
20 min, FEfIA 80 mL DMF #75 15 min, ¥ Fik=
Fpeiife 2t @A RS, B 15 min, $HR
K/ 5% FREC BPO, FiiFf 10 min, FE % 60°C S i
8 ho S IR)E, FHFLAEN 0.22 pm (f) PTFE JEE
g, 5 F0 i, FKUCH DMSO DMF ,CH,CH,0H |
H,0 CHCL, A B ¥ 4% 15 min, /5715 51 5 MMA -
POSS {375 ) MWNT ( PMMA —POSS/MWNT) 44 fk #4
kF, MMA -POSS 5 MWNT )i R f0k R 510,15
B, XF R B 7= W) 4 5 S PMMA - POSS/MWNTS |
PMMA —-POSS/MWNT10 F1 PMMA —-POSS/MWNTI5,

2 #HR5WR

AR LR i ) PMMA —POSS/MWNT 2 f
FORE B Z0 A 065 B A 1 B s, B A W AE
1120 em ™ BRI T Si—O0—Si (FERRNR 34 , 76
2 820 ~3 000 em ™' FifiFE BTSN A4 N C—H i1
1255 91 20 06 125 () B 0 B 4, G A AE 1 730 em ™ b
C =0 M4 4 3h 6 o 120 7 19 50, 2 W AE R A0 K
T SCHE 1 T B MMA -POSS,

ST 8.73 NF SR BRI (VU + S 1
SRR TR

S 30k

(1] a8A RS i A B RV [T]. Al A ez, 2010,
(6):13 -17.

(2] e, TIAR. W8 e R I S B BoR— AR ki
I HAR[J]. FHAMaEIR,2010,15(6) 163 - 75.

[3] ZE5h AT B Y AN il B R A 2B AR [ T]. A
A ,2012,19(1) .65 -70.

(4] SRECL, B30, B, S5 M B2 R A 2 R LB T].
Az (i) ,2009,25(2) ;145 - 148.

[5] w2 it — 0 AR p e 40 2 OB AL O BFFE L D] 1l
ARIRE P EAA R (BR) ,2006.

[6] Vive R,Parham, David E et al. Finely dispersed iron , iron-molyhde-
num, and sulfated iron oxides as catalysts for coprocessing reactions
[J]. Energy & Fuels,1991,5.712 -720.

(7] Wi, 24 AR S0, A sk i R S AL i e 1510 g
fEl)]. AR (A ik T) ,2011,27(3) :362 - 366.

[8] Derbyshire F. Catalysis in coal liquefaction : Status and directions for
research[ J ]. Prep Div Fuel Chem ACS,1988,33(1) :188 - 197.

(97 Z=50r, ENI, PR AR, 45 RiAR e e il it PR s vib i A AL 500 1) 52
ma[J]. 44046 T,2012,41(6) 559 -561. W



- 108 - A AT, i
T0emt | SO 5 LRI 3 R . A3 SRR AERRAK

e H\u/\im GIFI I T — 25T Y . Y SRR
I N Fg S AR, H T AR LA D R BRI KA 22T 9 £
A A B SR AL S ~ 10 nm 2],
ﬁk—J RGNy 10 420, By T A Sk R 3R 2 4,

4000 3500 3000 2500 2000 1500 1000 500
BB /em!
1—MWNT;2—MMA —POSS ;3—PMMA —POSS/MWNTS5 ;
4—PMMA —POSS/MWNTI0 ;5—PMMA —POSS/MWNTI15
1 MWNT MMA-POSS #2 PMMA -POSS

78 MWNT A 7 4 fo 4B 20 5h ot 3

R T E— 1 POSS T A W FlmR 48 K & 2 (7]
A — A A E A, AR AR Y L g X
AN]R8 7 AT T B = 6 A, el 2
FIR o PLE IR —FhRALBRAN KA R T ERFE +57
AR T IE 2 EAE I S B R Rl 9 K A R TR
AAHE AR R, 2 fli—345 C JRF M sp” ki sp’
Bedb K A B AR, BOME sp” ML SRR AE I G U
(1570 em™") S A W37 1) i B% TG 181 B A 25 K, DA
T D W T RURD G s i T A b e A= AR Ak

B2 AT LU A b T alimn s, b SRR R
I RGN, St WA ROV S 2 REMR KA G IRy
PEEM 1570 em ™' 43 IR E] T 1 584.4 .1 582. 1
FI1584.5 em™"  fE—@ R 1 URA SR RN AR 40 K
EZIMAATEAT B AER, B0 G W7 & &4 T i
o BRI D W G R R, [ A &
W, &t WE G 1y/1 R i R B8 K
0. 71 84k 3 0. 89,0. 90 . F1 0. 91 , i3 BH I 91 K 45
TR T RAT sp® Z24biml sp’ k%678 IIE
H] 7 PMMA -POSS 5 Z BERR AN KA Z [a] 1) A1 SHEAH
HAEM .

1000 1200 1400 1600 1800 2000
BB /em!

1—MWNT;2—PMMA -POSS/MWNTS5 ;
3—PMMA -POSS/MWNT10 ;4—PMMA -POSS/MWNT15

B2 MWNT fu PMMA-POSS 4 &
MWNT e {t A1 ko 4 & ot i B
8 3 37 S F T A B P M AT T

B BRI SRR . Ak S i A i iR
I, BB TR R I AR (A S A
i i TR 2 B T L Z AR SRR, T
YIAPRES NG K 15 A5, BREAOKAEFH L2 (8] i
BUASHR . FELLAR H il T AR T I B di 25|
S S AR I (BPO ) | 5 BRI 5| 2500 9
3 P, O R B B TE A AR A 4 ] el 3k
FEAERTHER B BT R AR T S P G O
T A WU PR TE RN OKAE 2R TR 5 BORICR K
w5 BT AL BRI BEAT 5 I L2 AT o A o)
TE— A BT B NI, ol AAS SR AF AU BEROCR

50 nm

(a) MWNT

(b) PMMA -POSS/MWNTS5

(d) PMMA -POSS/MWNT15

(¢) PMMA -POSS/MWNTI0
B3 #AFesBER
LA [R) )R ) PMMA —-POSS/MWNT 2% {4

100 -
90} 3
80}

® 70f 3

& 60

K st 4
40t 3
30t

205100 200 300 400 500 600
REE/C

1—MWNT;2—MMA -POSS ;3—PMMA -POSS/MWNTS5 ;
4—PMMA -POSS/MWNT10 ;5—PMMA -POSS/MWNT15

B4 MWNT MMA-POSS #2 PMMA -POSS
B MWNT U4 R # K o 4



2014 F28 INEZE EHE

B E L E 4 i, HIE 4 A LUE 1, 4%
AR B AN [F] IR L] . B IR B S Y
PMMA —POSS/MWNT Z&4b 41 B B AE 10% £ 47,
YA EFEIRF] 15 ~25 nm B, TREAHE LW
PMMA -POSS #J& , tb i iy R 2 ik 3] 1 30% .
MERHTE N 1S A5, B TR T OROR, R &R
PUACHR BN 4, H O 5 5 4l PMMA -POSS A Hif 2
W v — 4

BT Bk SR w] LUHERN AN T SO AILBE : 51 &5
S3AE A B R S AR A A R Bk A B
5551 R SRR RIS 2% THT 1 SR SN S BN Al 44 K
EAA . BT AR A R A B RS
MERRES IR RS, 5 R R R, A B
P A B O, AR B R ILER LG K, B Y
PRV LI R RO T B, 7 A ™ H i SC R A
ML,

3 g

FI A 51 &R AR R (BPO) 5] &7
A WU\ LI R TR 3L e R A L ik A be i 2
RERR A KA ] 25 B BUAZ —5C 4R oK 24 b AL, 5 X 41
BT T —RAERLE . O M52 7 AR
JELJE mma —poss %55 R L2 BERR 94 K AE B A MR,
W ZEREM S ~10 nm F] 15 ~25 nm 7] ; i
B W) 22 AR B WA HLIE 7 Hh BT RE IS TE AR 22 1
YT R TR R AL 3 ) PMMA —-POSS | ik 5% 4%
ARSIMRI C=C XU, 1] LI~ — 0ok o
FIH

%k

[1] Tijima S. Helical microtubules of graphitic carbon [ J]. Nature,
1991,354 .56 - 58.

[2] Ebbesen T W, Ajayan P M. Large-scale synthesis of carbon nano-
tubes[ J]. Nature,1992,358 (6383 ) :220 - 222.

[3] Tasis D, Tagmatarchis N, Bianco A ,et al. Chemistry of carbon nano-
tubes[ J]. Chem Rev,2006,106(3) :1105 - 1136.

[4] Roy N,Sengupta R, Bhowmick A K. Modifications of carbon for pol-

TR BE RN K E RIS TTE

AR SR - 109 -

ymer composites and nanocomposites[ J ]. Prog Polym Sci,2012,37
(6):781 -819.

(5] PMETsR, A, 2 2, 45 BRAL IR 9K AT BUPE R R I 2 & 1
BG5S [ J]. Acta Polymerica Sinica, 2011,
(6) :639 —644.

[6] Zhang J,Lee ] K, Wu Y. Photoluminescence and electronic interac-
tion of anthracene derivatives adsorbed on sidewalls of single-
walled carbon nanotubes [ J]. Nano Letters, 2003,3 (3) :403 -
407.

[7] Kong H, Gao C, Yan D Y. Controlled functionalization of multi-
walled carbon nanotubes by in situ atom transfer radical polymeri-
zation[ J]. J Am Chem Soc,2004,126(2) :412 -413.

[8] Zhao X D,Fan X H,Chen X F. Surface modification of multiwalled
carbon nanotubes via nitroxide-mediated radical polymerization
[J].J PolymSci:Part A,2006,44(15) ;4656 —4667.

(9] Z=UbHE, WV, DT, 56 A WX 2 BERRI4 K 8 10 (0 B 2k
PEWFFELI]. Acta Polymerica Sinica,2006, (4) :588 —592.

[10] Xu Y, Li Q,Sun D,et al. A strategy to functionalize the carbon
nanotubes and the nanocomposites based on poly (1-lactide) [ J].
Ind Eng Chem Res,2012,51(42) :13648 - 13654.

[11] Chen G X, Shimizu H. Multiwalled CNTs grafted with polyhedral ol-
igomericsilsesquioxane and its dispersion in poly( L-lactide) matrix
[J]. Polymer,2008,49(4) :943 -951.

[12] Chen G X,Kim H S,Park B H et al. Controlled functionalization of
multiwalled carbon nanotubes with various molecular-weight poly
(L-lactic acid) [ J]. J Phys Chem B,2005,109 (47) :22237 -
22243.

[13] Chen G X, Miyauchi M, Shimizu H. UV-Induced surface electrical
conductivity jump of polymer nanocomposites[ J]. Appl Phys Lett,
2008,92(20) ,203113 -203115.

[14] Chen G X,Kim H S, Yoon J S. Highly insulating silicone compos-
ites with a high carbon nanotube content[ J]. Carbon, 2006, 44
(15) :3373 -3375.

[15] Ying Y,Saini R K, Liang F et al. Functionalization of carbon nano-
tubes by free radicals[ J]. Org Lett,2003,5:1471 - 1473.

[16] Qin S,Qin D,Ford W T, et al. Solubilization and purification of sin-
gle-wall carbon nanotubes in water by in situ radical polymerization
of sodium 4-styrenesulfonate[ J . Macromolecules, 2004 ,37 (11) ;
3965 —3967.

[17] Mylvaganam K,Zhang L C. Nanotube fuctionalization and polymer
grafting: An ab-initio study [ J]. J Phys Chem B, 2004, 108
15009 - 15012.

(18] BEER ARSI HARORIR S/ ZBERR AR KIS BB 25
A LR T]. A2 2441 ,2011,69(12) 11393 - 1398. W

,++++++++++++++++++++++++++++++++++++++++++++‘

/ :
| — PR BAT 2 4T SN TR RO ) % 77 A0 R ( N 103551047 ) |
% AR ATE T —Fp R BRI 25 2T AE AN BRI i 7 050 TR ST REAT b B, PO i B2 TR A 2R U s Q?QE*
© R BB T 2 5050 O LS 840 F R 2K A R e o 6, 5 B 4, 5 F AL T}H?%;

J R e P v s 2F AR R IR I, 22 R R R MUK R RS A B el , L R B B T R BR , R R AR |

OV U U U U O P U



