a3 b &

2014 % £ 59% 5 338): 3232 ~ 3239

T4 KRR

BN

www.scichina.com csb.scichina.com

@( R R ) Jeidil
SCIENCE CHINA PRESS

BRI EINE S A RS R ek fiE

2R, I

R B B SR SERT, SR RL A E A (R E) S8, LI 110016

* B R A, E-mail: yzeng@imr.ac.cn

2014-06-06 Yihi, 2014-09-22 257

K R BOR BT & TR (2012AA030303) . H FEIRE 2 Bt 1 A THRH 5K 1 SR B4 ik G R AR AT S AEA T H (51221264) R B)

fiH%e

ettt TURTHBENRRNIF, £F,

BYURE A EFE A IFRAR N ALK R A, Uy — %/ EMP A
A AR R B RANT 2R E. AR KA AR R HAT R B R A K R AR
WEFR AR FORRM B INT UAER
EMBREBINE L RE, EREFOREAR, NTEFEN KL AR A5 U B
Wyl B, SEE R R AR R, T RERMRER Fo . REMRREEEREE T EELA
MAEEHEX. KX EEWR T 40K KA g Z o AT 355 TR 1 f DUR 3 09 48 X B

Ketin]
BAKE
B
e
SHMH
HEM
0

Rithk, ERERBNAE ., BERKEZ M HNERERIE, MBT KL oM HERE
Je R B 7 %, 38 W AR RN EAM R LR B A AR URA A B £ E F AL, OF xR BT R

#HATRE.

490 UL b HE S A0 B 6
TESPIARAEIE T T, — 0 REREB I (BN L),
T 53— 64 ok 1 4 58 L AT SR B
P B ). OB A A P RFE UL B bR
RN BRI B B 42 DRSS Pl . o
SR BT F AT, AT LUK 2 i fE
FEHCHE . WA ITTAE KB 00 (R 25 6012 BB 9
B, BB TR KA RN | R F
i I 5 B LU 2 7 B AT 26 F 23001
wR.

LT 44 K B 17 5 4 4 1 4 0 9 0 0K
O LIRS0 1 PERE GRPERE R #5325 1 TPa)
R FAFYE . LB — 4~ A 5
AN 6HE, FAE I8 RSt T
it A A B3 5 T LA ™ T 5,
HEAR BB S R U BT 5 45 11 90K 5/ 4
BAIRAL bR, 2 GRS ) F SR LIRS, T 41
i AR RS DRI, (745

B, BRI EA IR i — 4 B A ok
REE, ATRIER SR NG I 2/ 5w, A
I R A 2R RE AR, BRI R
FhOREHEERE, ARk C SRR RS TR
2 RN AR SOR A TR AR A B R
AAPEH B PERERT TR I, F A BIARRAOKAT | £
200 M A RN B L5 11 FH AL

1 ZoRpebrRH 5P e VL RE

L1 BRGURE I REERLETEE

BRG] A A B I | 1A%,
T EE AR = AR e AE L, R By BoA W
MR JE TR RE. BRAVKAE B E P k2 2] 2
PRI R0, Bk A KA 2 0] A AR AR T e
KA NS B AR AT B PR s A5 14E. Buldum ™!
K005 8 J1 2207 R SRR AN R A 1) S v A AR DL,
SER B WAL i F P B AN KA Z 18] B AR 5 4% 23

SIRKER: WL, TR, Gkm/AEM IR = SR L e e, Fl4# i, 2014, 59: 3232-3239
Zeng Y, Wang H. Viscoelastic damping of nanocarbon/epoxy composites (in Chinese). Chin Sci Bull (Chin Ver), 2014, 59: 3232-3239, doi:

10.1360/N972014-00574




N

WAL 5 1 AR X, DN = A BE B AR LAk,
Xu 25 NP i Al S AR TR ) 45 s I 46 IR 45 1)
BN KR AS MR T e sh A B s b e, P98 A B X
PR 9 K45 A0 EL T REAR I M 55, 6 AR B A0 T v
P (~140~600 CYJS EA I8 S B B S PERE (B 1(a)). M
L 1(b)H mT DL S 6 40 o 45 o J 301 7 A% 3 A v AR e
TFREAR I 7 A T 22 1) Al e AR HI (B K 4 R 7 g 7R [ i
pily 2 T AR, B 4 KA X R R S A B B S IR T
KA Z I HTERS . 3T RS BT (8] 1(c)), AT
SEF R AGERFERL. BEom S5 A" Shan 45 A\ P2TAN
Pathak % NWFSE T B 40K IR RO B e fE, &
PRAR T 32 2 v B 40 K A5 22 1] %) JBE 8 4 ml LA = A A
RO RE EEAEHL BRI BB | B R BB
%, fer BRI . Zhang™ | Hehr % A™fil Chun

A5 N LKL B 0 K R B A A T KA 275 Rl 8 o A
4a, BTk BUBR AN KA Z 1R AL | 2025 FiE % n] L
R B AR A S R B JEMERE, HLRERFERL S
i Rz A8 e FRCAE L

1.2 At Rsssl e vk ke

SR AT MR R 4k 2S5, i TR
BIFRIEHE, A 880 a2 P R A B T 7S (FE I oI 45
AT SR SR 3 B S R AR i), HFESN IERTE
Sy Fre A, i H A 850 =22 (8] ) R T AR il A AR
X ¥ B AR T REAS 7 A RE AR HL. Agarwal T4l
YR B S AR BT B F BE B LT A BIE R R AR
BRI BRBHEPERE (B 2(2)). Bl 2(b) s, A
BIE R EM TR A e RE L oE m A G R

(©)

Detachable

VZ2) éNT material
B Silicone rubber

Bundles,
not node
Slipping

2
R I O vy,
u| 4 4
s wfff == Storage moudlus oy
o w 10° d @ =O= Loss modulus 10" ¢
© o b= =/= Damping ratio T 0.2
[ s 7 N
o 107 4 o ©
g 2 = a
5 8 10°] {10 £ =00
g E 10°- a £ §
() L =
o O g % 0.2
g § 10°; frorg ?
D 408 4 -0.4
102 T T . — 1072
-200 0 200 400 600

Temperature (C)

-50 0 50 100 y
Strain (%)

Bl 1 (PR E)BRAURE R AT A R AR ALE Y

(a) FHAERLAE

Loading amplitude

Time
—

PR | BUREIN T IR A AL 2k (b) BT BEAE Il £k (o) B AR AL

(b) » 5-layer graphene
0.90 1° 10-layer graphene

L]
A Bare Si/ SiO, substrate o

0.75 4 i X . o*

v High ordered pyrolytic graphite, +
o

0.60 1

.:::----n..

0.45 1 *

At 50 pN dynamic load

Damping ratio (tan J)

0.30 1 e
o

0.15 1
ot 165754000 bt
0.00 A uatat
0 50 100 150 200 250
Frequency (Hz)

B2 (RERBE)EBHHRETH
(@) GURBIEHURIHTI R B (b) 1R T2 | T/ — SR LA 855 1) 7 SR DR 7 X0 0306 g e

3233



M 3% d B 2004511 B %59% 533

(HOPG)ZR I AL G s fH e kg, H 102 A
SIS EASGEAEENFEN T, HHNTA
H s J2 BO R AR T 0 20 RN, DA T 5 B0 15 1)
e FEHL. Zhang BIF 5% 2 PSR FH h 28 BB L 20 BT 1 7
ST T E A A SR AR Bk e, s R E AL
A AW AR B R IR EE T BT AR S 0 BELJE R,
VA2, F A AT A S0 R 2 (B 525 5 ke A AR R
%, DA™= A 0 A RE FE AR HE

2GR ARG S bR R R FELJE
Ve

2.1 RRODRAE AR S A AR RSP e TR RE

St T B0 KA X R SRS B A ARG ) s
CFF R T 5 R MM 8 TAE, W g ks
FMHOE | B8 KAT B KRS | RN KA SRS
e 2 [ A VR 4.l A BRI KA IR A Y
ST MR B BB R PERE RV T LA 3 AN i (&
3)20: (1) BAYRAME A BRI, Q) Bk
AR ) R RS T R R RURE . (3) RN

KA 22 18] R X W 30 51 A EE 4 A . Buldum O i
T 12D A T R AR A R LIRS R A
WY ZE -1 (stick-slip)iz sl i, & IAESN T3 /E T il
KA 5 R & A LR B, AR SR R, dE
T RE RAEHL. Falvo 48 AP B JEF 1 W i Bt 5%
A IE R T iR AK S R A SRR E 0z shiT R, R
20 B s i 2 X A I R) G-V i B R B TR R A Y R
JEA.

Koratkar fF 7% 21 PV T Bk 40 K 45 /38 S g 2
B ARHEAR [ 2T (PR shma i, A 3O ELA P 5
HIBHJE Rk, EZH TGO RIA B | R
Jr B BE AR AATTIE I T AR AN K A A A
T 2 A A A 7 T 300 2 A 1 P A 280 e i S92 5 2,
25 WL R IR A K A5 B I A TE PR RE B A 4 RERI A AR
FIE LT, AT DL 2 5 v L AR (K 4(), (b)),
R T RRGIOKR A 5 R W IR & AR B S |k
YYKAT Z IR AH L EE A, R R AR O 22 A e AR LY.
Alva il RajaP" %88 T RGN K AL L X A A1 RHH
JeMERE B RZ ), B 5T 3R BH U N A AR L A Rl 0 oK A
A]ARAG AT B JE PR fE.

Friction surface between
resin and nanotubes

_ Resin

\ rihiaX
\ | A [ 0,
3 ‘\ A D .~\ _ Nanotubes
L | 7 : { e
‘/I I 5 — _; A e’
7 N Friot .
/ «_ Friction surface
s between nanotubes \_.i',
> ) — — 29
B3 BROCKE/REWEAVPRA TR B EREA R EE
14 4.0
@ 16 ©
12 -
[ e P e e ) 3.2 - S
g1or T ~ T28f N )
s 2 24+ Rt
3 8 g
3 320
E 6 + Nanotube film g 16 * Nanotube film
8 E 1
@ %]
S 4 o Baseline epoxy S 127 O Baseline epoxy
0.8
2
0.4 N .
e -@---=="" @=--=mmoomos ©
O 1 1 1 1 L 1 L 0
1 2 3 4 5 6 7 8 9 10 1" 1. 2 3 4 5 6 7 8 9 10 1"

Test frequency (Hz)

Test frequency (Hz)

B4 (PR G )BRPIRE B EUR IR A PHRHE (a) B AR AN (b) 157 REAS B 451 2 f i o7 142!

3234



N

it — e ANOKR S MR 1 S R, WA
KA E R AE AT IR A R A bR S R )iz /Y
RUE. WFFERW, IRAE A0 R 5 B2 1 BH Je P fE !
FWBT LAY &8 2K A A KHES ) J5 3055
Zeng S NV & T 5 0] BRAHOKAE BB 15k £F 2k 195 4R
WHEEREZ SR, JFEEHINERIEREE 5).
WEFE W], TE 1] B 99 K A B 50 AN (AT LA fin &2 5 44
BH R RERL AL, T H 2 3 e S R i S BRI 1
SR, X Fh S SR A bR LT B AT 4 5 b
PR AR B 25 45 B R R, SR T AY L
JBE. IR T E ] B 98 OKR A B SN UA B TR R R
BB Z B BT g, T HAE 2 A AR N ST A
THZA S, SRR YRR PRI SR AR, 2
EPPRER B B 4 25 R R A0 IS S e BEL B PR e

Kim {5820 PO R R B 48 T Bk KA /i
21 i /A S R TR 2% S5 B BHI 3IR Bl L R (11 6).
3 2o 2 Ty AT GV X A R RE B I GO h 2 (6
(c), @)HEFTUATTH, BBEIZESMERLE L. &
6(e)4i A, BEFH R AOKRAE & A, a4k
(R BHLJE FL XA T3 n, 2 WA e 40 K A8 A A T i 3%
R E SRR S TERE.

—
D
=

20k Vertically aligned carbon nanotube|
- (VACNT) sandwich
ili Pressure (P)
o 15}
g X Fl”—tx‘
3 Carbon fiber (CF)/ ™y 4
g 10+ epoxy (Ep) laminate %,
(9] ‘*
(=]
© +
S 5r a
w N
0 i N . . M“‘-
20 40 60 80 100 120
Temperature (C)
(©) 25 "
VACNT sandwich ',
= 20T “
& R adh
O ag 2
@ 15 S 2
2 se 4
€ 1ot &%
g 10 ] :
2 2
S o5
CF/EP laminate
00720 40 60 80 100 120

Temperature (C)

0.5 VACNT sandwich 2%
- A
04r P ‘h .
- .. A
03l S S P
S H
-— = ry
0.2 .: ...
01f Y
00] s CF/EP laminate

2.2 fslE AR IR AL A b R RIPELE T g

A1 S0 1R SER R S G b R B R R RELE M e B BF
5% H AT 4038 . Koratkar BT 5720 P75 & 30 AT 2805
HY AT LA 308 & 2 A MR i pE A i, HOF R
2 WCE AR AP PERE (B 7), X FZIHK
T B SHER R A B EAER. PR
WY, A S/ 0 SE R 52 G Rk %) 8 s 5 B T
A BIHTER G YRR ARG SRE R
REFZATE . DL E SIS G450, R, dndf
H— e Rt e O, Hilss B
57758 1 BELJE R 9 A 55 00 A A s 2 A A R R T
JEEARIBESE.

3 ARSI EFORRESRBILE TE HE 1) AL B

A5 %

SER 3 DU 3 R A AN ) 531 5 3 E T % 4 L o
MR IE, 1T R0 e 8 L

ST et B e R B R R R S, 4
o 2 BT M (1) S IR GE SMU%),
IS AU BT 3%5 (2) 25 364 i 2k 3%

(b)

VACNT sandwich

CF/EP laminate

20 40 60 80 100 120
Temperature (C)

BlS  (FIZRRUR BRI E /B A 4 PR SR AE B2 S &Mk 36 38 L FR A4 )
() BRRERCRE (b) = A BT AR AL (o) S A BHRHIER R () FED T

3235



a3 b &

2014 1MA %59% H 338

(@)

Beam
free
length

S S
— € o E° ©
2 2 2 2
° °
8 8
- 0 - 0
L 2
[0] [0]
-2
Digital storage % -4 6 0.2 0,4 0, . o % _4
cathode ray Q . . . . Q ! ! N !
oscilloscope < ) < 0 0.2 0.4 0.6 0.8
Time (s) Time (s)
[emm] g
Test specimen
_ E 4 d z (e)
2 5 § 0012-
3 3
/" |Minishaker 5 0 > 0.008 A }—{—f"‘“i/*“f""
= c
GE, -2 g— 0.004 1 —= Neat carbon fiber reinforced composits (CFRP)
o © . —= CFRP with 0.5% carbon nanotube (CNT)
% -4 [m) —+ CFRP with 1.0% CNT
. 8 g ) ) y 0 e T
< 0 0.2 ) 04 06 08 40 50 60 70 80 90 100 110
Time (s)

Natural frequency (Hz)

Bl 6 (PILERRR )RR N SR /B 4 4 /B0 FUE AiE 5Ab B RELR A4 B

(a) B RA DN U R AL (b) ZEERAERIR, (o) BRAKE &80 0.5%; (d) 1.0%(BiE: 0 43 Lo )& A BRI 4R 3l I 0RO it £k 5

Modulus (MPa)

(PR RE)

3.1 ZhasHHIM ik

(e) B A PRIBHLIE LU R i) A2 fh th 22

2500 ) 0.06
<— Storage modulus el
. 0057 Graphene/epox
2000 1 " losT T ’ P
4 = £ 0.04 l
o 2 /
100 4 | ® ® ]
’ ;W 010 o o 003
£ £
o Q.
£ £ 0.02
50 - —+10.05 § 8
‘“_.,_./*""“/’4 0.011
(@) (b)
0 4 r T T 0.00 0.00 T T v T
0.0 0.1 0.2 0.3 0.0 0.2 0.4 0.6 0.8 1.0
Strain (%) Strain (%)
5 0.20
Graphene/epoxy
§ 4 < 016 1
o E
o & poxy
23 g 0.12 '
3 5
: t 8
Q < Graphene/epoxy S, 0.08 1
172
@ o
S 3
o1 0.04
(© (d)
(U T T T T 0.00 - T T T v
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Strain (%) Strain (%)

B7 (MERFE)E BRE/IEMAE A POR R
SUER SN BB (); A7 BB FR SRS S A BRHIG BUFE N T (b); 4 RERE R (o) ML FERE R (0)

DMA) &3 32 % S8 RHE 22 A8 I 77 (338 28 1 48 )/
T A R, T 4 B A R T S B B e S
AERS1 DMA R AT LA SRAG A BB RERC . P AEAE

s AL/ M7 (dynamic mechanical analysis, 1. #FEHN FEM(E R, Hrb, fHERE B T £

3236



B

BB AR 15 R H i T 58 AR T T A7 %) e i R R Y
PR ), FEAR R R L T R AR i B e AR AR
Bt (BE ). AR AR K F (tand) SRR R FHJE
K, MR S5 ae i i b, 24 KB JE 8
TR, BFEN R . REE R TE, FA R
B4 BHLJE 1 RE Rk 4.

P T A B BHLJE 4 BB R YR T LX) A1 A T 1A 2% ey
B N7, i ZARHS TR AR AR AL X K /A 4R
W g &M BN 5, HA 7537 55 40 5 AR 15 B B i e
Ao R R e I FE N -, X R i TR o1k
Bt IRz 8, (HIA kN J 5¢ 4 N A1 S 38 A 1) A2 Ak,
o34k (B B BESAE S U = i R S AR HL. AR B -
TR AR P, AR I TR B S 8 0 RS S X6 T A
R0 BRI 15 4T g 2 A Ak 0 B,

W H DMA 3 Hr A A A% R 8 H 8 107°~200
Hz, 0 B -150~600°C, R % 7175 52 b4 kL
FEAN [F) R P R BrE RE. LA, A AP
B bR . a2l sy ATk R, nr LAY
INRGH BRI, LA IR0 B v 1) S S e
3.2 By

R TR SR Ao iy SR AR I R DA SR BORA Rt
BELJE 1 BE 2 %5 a8 FH 3k PO I3k 2R 4 el kil An
frill 2 FoarA s (1) BB PR E LR 1 ME
SRR, A LN IE SRR, R
PRT1; (2) 1ERRAY [ P L AR M AL R, FH A A I
BURE A AR sl B A5 5. 38 0 X R R sl B A S Y
AbPEAT 20 BURE A [ A A%, IR 2 D) iy 98 45 ik
BEAT I AT AR 2 AR R B He A BELJE R
AOBHHJE KNG Py B 5, S e i 2 3 Bl o 72 o b R
HIRE R FERUIE OL. BHJE Lk | A4 % BHJE P RE B 4T
FH LT DMA W7k, 25 ikl 7E -+ 5 SE iz i A
13 BB (10~10% Hz) 2% 2844 8% B9 4R sl o7 4%, (H
X I 3R (A T TR R ST SR B oh 7 A . T I
PE, 27k iz T R S R A A R AR B0 BE
JeFEE.

4 ORISR IR B SRR A 45 B RH

JSE i 5

H T B AR KA A SR ELAT U B — 4k — 4 2
R 1 L R TR, AT DUAE W A A MR )
FYERECUNZ B BT VTSR EE | vh i Bk | LRSS B R,

SIAT Z ()5, FA5E AR AR B i R v e A
W RE R FEHL, AT 22 U 0 S5 il 286 e BHL J2 M i
B3 A, 9K R R R A TE A IR T LY
(—140~600 °C )35 55 v 10 8 oL L J R 2123230
I 5 B4 0 K e /A SERS R A 5 R R K 7 B B ) UL
SRV 3T PR P R B A S A PR PR RE. X R gl oK
BEIIRSEM IR B2 A WAL BT A Ay v 1k B 285 44 BELJE 44 KL,
AT % 2 U tedn, TR KU K,
B, e B AR R R AR B R, A A ARk
i S %) BELJE. D3 5 Ao P 1 s o e %) 6 A s mT
T A AR A AR . RHLSE | A E AR, R
A S 0 BELJE P R T kS 30 dk 2 ek AR A MR VR . 1t
Gh, MUK QAT . Soab e il i 2 4% S AT 75 2 )
BRI . RBe M kb, Somh AL gk
BTSN N v 1k B A A A A B AR % A B 7

5 AFER e e L

K 5 R A YR LS 5 Bk B R R A7 AE 40
NIRE: (1) QUK EHESAR P o b, Tl
KA BHBURL R SE /N, HAE R G YRk 5 5 et T
R, MELLSEBE 21 - L, ARARRE BN A 5 AR
ERATTERE; (2) AUORBRGYHE SRR e
PLEE. JEHRR T2 IE | 24002 (8 /) P R A EAR
FH i B Z RAWESE, #0201 25 BELJE o4 RE A 45 4 13
TR RN, (3) AR BARLS R AWK ] Y
FLms 4. P a4 aid ko 52U A ORI
m, (ABHJERCRA W, 456 T 55 51 i R |
FHEHETEREN 5, (HE S ORISR 2A BT B [, N
AR 8 42 52 B R S TR 8] A9 45 45 56t J3E 1 AR A g i g L
JEZ BRI A (4) GKIRIRE WA MR
AL T YO SRR A B 2R a8 R
(3G 5 AL T AL BE, (SRR A & M BHERE I N K 2
PR, NIE— D IRRE AR T2 5E38 0PN 7
L R R

B A9 K B B PR SR, A oK i B R A
BB FEE, KRinBUE RRPKERES] . A 8515
4 BRAURE AR | BRI S 55 ) 5 BOR AW o¢
H, JUHIRAR A il s SR B0, AR iR
B AR v A R s 2 R R iz L i 25 A
vt TS B R M 45 451 L 2 D RERETE |
= e B PR RE A et S AR, FERTZS MR | A2l
sk Tl AR A 1 2 U AT T R I S

3237



Al

B & 2014FE1MB #59% $ 33

RPN

14

15

18

20
21

22

23

24

25

26

27

28

29

30
31

3238

Martinez-Agirre M, Elejabarrieta J. Dynamic characterization of high damping viscoelastic materials from vibration test data. J Sound Vib,
2011, 330: 3930-3943

Fan R, Meng G, Yang J, et al. Experimental study of the effect of viscoelastic damping materials on noise and vibration reduction within
railway vehicles. J Sound Vib, 2009, 319: 58-76

Vilatela J J, Eder D. Nanocarbon composites and hybrids in sustainability: A review. ChemSusChem, 2012, 5: 456-478

Valenkov A M, Gofman I V, Nosov K S, et al. Polymeric composite systems modified with allotropic forms of carbon. Russ J Appl Chem,
2011, 84: 735-750

Roy N, Sengupta R, Bhowmick A K. Modifications of carbon for polymer composites and nanocomposites. Prog Polym Sci, 2012, 37:
781-819

Huang X, Qi X Y, Boey F, et al. Graphene-based composites. Chem Soc Rev, 2012, 41: 666686

Sun X M, Sun H, Li H P, et al. Developing polymer composite materials: Carbon nanotubes or graphene. Adv Mater, 2013, 25: 5153-5176
Biggerstaff ] M, Kosmatka J B. Damping performance of cocured graphite/epoxy composite laminates with embedded damping materials.
J Compos Mater, 1999, 33: 1457-1469

Wang Z, Liang Z Y, Wang B, et al. Processing and property investigation of single-walled carbon nanotube (SWNT) buckypaper/epoxy
resin matrix nanocomposites. Compos Part A, 2004, 35: 1225-1232

Kishi H, Kuwata M, Matsuda S, et al. Damping properties of thermoplastic-elastomer interleaved carbon fiber-reinforced epoxy
composites. Compos Sci Technol, 2004, 64: 2517-2523

Suhr J, Koratkar N A. Energy dissipation in carbon nanotube composites: A review. J Mater Sci, 2008, 43: 4370-4382

Fereidoon A, Kordani N, Ahangari M G, et al. Damping augmentation of epoxy using carbon nanotubes. Int J Polym Mater, 2011, 60:
11-26

Montazeri A. The effect of functionalization on the viscoelastic behavior of multi-wall carbon nanotube/epoxy composites. Mater Des,
2013, 45: 510-517

Li X, McKenna G B. Considering viscoelastic micromechanics for the reinforcement of graphene polymer nanocomposites. ACS Macro
Lett, 2012, 1: 388-391

Tehrani M, Safdari M, Boroujeni A Y, et al. Hybrid carbon fiber/carbon nanotube composites for structural damping applications.
Nanotechnology, 2013, 24: 155704-1-11

Young R J, Kinloch I A, Gong L, et al. The mechanics of graphene nanocomposites: A review. Compos Sci Technol, 2012, 72: 1459-1476
Pathak S, Cambaz Z G, Kalidindi S R, et al. Viscoelasticity and high buckling stress of dense carbon nanotube brushes. Carbon, 2009, 47:
1969-1976

Eom K, Nam K, Jung H, et al. Controllable viscoelastic behavior of vertically aligned carbon nanotube arrays. Carbon, 2013, 65: 305-314
Chang W J, Lee H L. Vibration analysis of viscoelastic carbon nanotubes. Micro Nano Lett, 2012, 7: 1308-1312

Buldum A L J. Atomic scale sliding and rolling of carbon nanotubes. Phys Rev Lett, 1999, 83: 5050-5053

Xu M, Futaba D N, Yamada T, et al. Carbon nanotubes with temperature-invariant viscoelasticity from —196 to 1000°C. Science, 2010,
330: 1364-1368

Shan C, Zhao W, Lu X L, et al. Three-dimensional nitrogen-doped multiwall carbon nanotube sponges with tunable properties. Nano Lett,
2013, 13: 5514-5520

Pathak S, Lim E J, Abadi P, et al. Higher recovery and better energy dissipation at faster strain rates in carbon nanotube bundles an in-situ
study. ACS Nano, 2012, 3: 2189-2197

Zhang M. Multifunctional carbon nanotube yarns by downsizing an ancient technology. Science, 2004, 306: 1358-1361

Hehr A, Schulz M, Shanov V, et al. Passive damping of carbon nanotube thread. J Intell Mater Syst Struct, 2013, 25: 713-719

Chun K, Kim S, Shi M, et al. Hybrid carbon nanotube yarn artificial muscle inspired by spider dragline silk. Nat Commun, 2014, 5: 3322
Lahiri D, Das S, Choi W, et al. Unfolding the damping behavior of multilayer graphene membrane in the low-frequency regime. ACS
Nano, 2012, 6: 3992-4000

Su 'Y, Wei H, Gao R, et al. Exceptional negative thermal expansion and viscoelastic properties of graphene oxide paper. Carbon, 2012, 50:
2804-2809

Lin R M, Lu C. Modeling of interfacial friction damping of carbon nanotube-based nanocomposites. Mech Syst Sig Proc, 2010, 24:
2996-3012

Falvo M R, Taylor R M, Helser A, et al. Nanometre-scale rolling and sliding of carbon nanotubes. Nature, 1999, 397: 236-238

Koratkar N, Wei B, Ajayan P M. Carbon nanotube film for damping applications. Adv Mater, 2002, 14: 13-14



32 SuhrJ, Koratkar N, Keblinski P, et al. Viscoelasticity in carbon nanotube composites. Nat Mater, 2005, 4: 134-137

33 SuhrJ, Ajayan P M. Damping characterization of carbon nanotube thin films. Smart Mater Struct, 2004, 5386: 153-161

34 Alva A, Raja S. Damping characteristics of epoxy-reinforced composite with multiwall carbon nanotubes. Mech Adv Mater Struct, 2014,
21: 197-206

35 Zeng Y, Ci L J, Brent J C, et al. Design and reinforcement vertically aligned carbon nanotube-based sandwich composites. ACS Nano,
2010, 4: 6798-6804

36 Khan S U, Li C Y, Siddiqui N A, et al. Vibration damping characteristics of carbon fiber-reinforced composites containing multi-walled
carbon nanotubes. Compos Sci Technol, 2011, 71: 1486-1494

37 Koratkar N. Graphene in Composite Materials: Synthesis, Characterization and Applications. Lancaster: DEStech Press, 2013

38 Bower D I. An Introduction to Polymer Physics. Cambridge: Cambridge University Press, 2002

39 Menard K P. Dynamic Mechanical Analysis—A Practical Introduction. 2nd ed. London: CRC Press, 1999

40 Rajoria H, Jalili N. Passive vibration damping enhancement using carbon nanotube-epoxy reinforced composites. Compos Sci Technol,
2005, 65: 2079-2093

41 De Borbon F, Ambrosini D, Curadelli O. Damping response of composites beams with carbon nanotubes. Compos Part B, 2014, 60:
106-110

42 Piersol A, Paez T. Harris” Shock and Vibration Handbook. 6th ed. New York: McGraw-Hill Inc, 2009

43 Jones D I G. Handbook of Viscoelastic Vibration Damping. New York: John Wiley & Sons Ltd, 2001

44  Zhao Y. Properties and application of advanced viscoelastic damping materials. Aerosp Mater Technol, 2009, 39: 1-6

45 Ren H Y. The application of viscoelastic damping vibration suppression for shock-isolation structure of multistage missile. J Astronaut,
2007, 28: 1494-1499

Viscoelastic damping of nanocarbon/epoxy composites

ZENG You & WANG Han
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Carbon nanotubes (CNTs) and graphene, as novel nanocarbon materials, have aroused great attention due to their unique
microstructure and extraordinary physical properties. Nanocarbon/epoxy composites, combining nanocabon materials and epoxy
together, exhibit excellent mechanical, electrical, and thermal properties. The addition of nanocarbon materials can greatly introduce
more interfaces into composites, consequently resulting in much energy dissipation under cyclic loads. These nanocarbon/epoxy
composites show some advantages of light weight, high strength, and high viscoelastic damping, which is beneficial to prolong service
life of materials and improve vibration-absorbing performance. In this paper, we reviewed recent advances in viscoelastic damping of
nanocarbon/epoxy composites. Intrinsic viscoelasticity of nanocarbon materials such as CNTs and graphene was introduced. We also
demonstrated the viscoelastic damping of the CNT and graphene filled epoxy composites. Moreover, related measuring methods for
damping of composites were introduced as well. Some existing problems in the field of viscoelastic damping composite materials were
further discussed.
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