5 12 0] [
ACTA POLYMERICA SINICA

2012 £ 12 A

% j:li No. 12
Dec., 2012

SHEEKGAHERBEXZHENBEDIEREITH

AXET A BT

(B TEREDREMEHEMELLRE WILRER TR S TRYR BN 310027)

B OE CRAMBIER AR A THE I T A AR FR R 22 (@ = 0 ~ 0. 05) AR 94 K BR 4T 4k (VGCF) S 2 R
H LM (PS) B R (200°C ) B4 (e ) AR 8l 285 0748 9 52 . 5 85 95 D0 4% 4 (190°C 5 30 +/min-5 min) T 7 il 4
IR EHAH L, VGCF 1838 55 Y1 2% F (190°C ; 120 v/min-10 min) T 7 il & b1 8L b 23 808 2, ks 740 R 28 R R
T A () B, T A 5 5 550 n B85 K V2R (y ) AR 67 (w0, 0) IEZETROR I T A (@, y) 5 BT A 4R AR i
G(e,y.)  Glo,y ) BIATIARBERY P18 0 T2 Xy MO AR 2k i AE A7 D (9 52 ey F 7 45 R R T, D A A8
BT S o IS SRR R ) AR AT O I C A2 e VGCF 7Rk A vb i 2 BPE  (ELOR 52 W hE 5 ™ i 1 5T ik
R(e) 5 n WKFE G e,y,) SALMEN BRFRIER « KIXRL K Ge,y,) SIERENZRFRBELE Yy LE,
0 I AL R X AL FE A R 2R R 1 TR R A AR I R 5 R R T DA O

KB YRR S, BRI, B

W4y o R P BT 2 BT R
9 NI AR T B AR v e R T 1) BRI A b 7 A R AR
TR AR B A K RO, R T T A,
T W R 3 B T ) 422 2 fih, B R T BB (cluster)
ol 0 2. 3 70 0 VR R R B 0 B @ 8 i & A=
KWK FE A AL G WA N W AT N
A HL A 7], 2 [l 2o i & ok N 4% K
) P AT I I 5 A M 4% A . FRATT A Ak
FART B R AR K 5 4 R SN AR Y R A R i
W7 S 700 MR 2 o X SR K R R TR AR AT N Y
Gs—HLi .

P O TN S A I NS =R Y
G (w,@) W53 fifH

G (¢p,0) =A(@)G, (0) + G (¢,0) (1)
X 0,6, (o) ,A ()5 B kG R
R AR CR A R T A B G (0,0) M5
YR ABERIE R 6 (0,¢) = G (@) 0" +
iGy (@)™ Gl (@), Gl (@) 53 3 B T M1 ™ 5 AiE 4%
REAS I S I RE AR, o S AT it 45 550 AR I R T TR A
it 43 2% st B 18] B4 52 W) A4 A BE e, TR AT R — 2
EIE T MAIRAL K G (o, @) F35 T 1 hR
JE X R

G (¢p,0) = Ri(@) G, (w)]" +
iR (@) [G (w)]" (2)

Ho R (@) ,Ri( @) Fom “ KL 1 H1 7 51k 5 2 57
i, “HIE R () = Ri(@)p" MG, it
NSW p SR RERIE 550 1805 5 1 H]
AT G 1B I 110 T A TR T AR R L X A )
ARTRCR RN KL FAH™ (9 25 4 Tk B e RS
e VR B TR T e o TR b R
BICIRAS OB 7--85 23 7 R B AR ) B2 HEXT 8 43 1 s ot
T 2 0 25 40

FRAT R LT P AR AR B AIE T 0 2 A
AT LT 4E (VGCF ) BT R A 205 (PS) I 1K 2 25
TARREVE IS, e BRI AR 5 2R AF T
Pl G R R A (@) HUBHAH HF AR B (G
G ) BT T AR SR G TE 1 19 RS TR 48 35 < ot
R 285 A XA O A OR824 AR B S
DAY N7 S I PR 0 -2 4 - B R G R

1 SLBWEs

1.1 ERtSEREE

KRR (PS, ji5 GPPS680A , ik i [T
H) LB 5T (M) 204 x 107, K5l 400. 85 ¢
min ;LA F] B215 ( Ciba-Geigy /N H) ) , M, =647,
5 5180 ~ 185°C 5 UM AE K ik 2T 4 (VGCF, i
PR-24, Applied Sci 4] ), B2 (100 £40) nm, K
22 30. % Haake 5540 7 28 {% ( Thermo Haake

RTINS AR o R R 5 2012-07-11 WA ,2012-09-03 i 5 [ 52 A AR Bl B (B2 5 51073136) BT R Ui H .

wx @ THEK 22 A, E-mail:s_yh0411@ zju. edu. cn; zhengqiang@ zju. edu. cn

doi:10.3724/SP. J. 1105.2012. 12210



1384 = 6}

?

i 2012 4F

%

Polylab Systerm ) ¥ VGCF .PS $ii %7 (1 wt% ) 1
190°C T TR M, [ it T A Fs il 4
1.2 ik

K G Vel 1A W TRT 8, A L T OB
(SEM, JSM-5510LV, H 4% B -7 &) ) WL Wi il JE
Bl AE 600°C H TP Be i & & OB BR PS KSR
Wy 1% AR 53 W T B TR ] SEM W%
VGCF K . & M i 9 e ¥ i 72 4 ( HAAKE
MARS, 7% [E Thermofisher 2\ &) ) L4 #4589t 47
AR, I IR B A 200°C . 3h 2 S0 R 1
0.5% N2 BRBE (y) T #EAT, ShA N AZFHHATE 1 rad
sTUK (w) FEEAT.

2 BR5UE

B 1 7R 2 Fon T 458 (30 r/min-5 min, 120
r/min-10 min) T ATl £ 5 (@ =0.04) 1y SEM [
125 VGCF K JE /3 4f. VGCF 7 55 55 4] (30 r/min-
5 min) 50T B i 45 FE i rh AT SR 8™ TR 5
S7Y1 (120 v/ min-10 min) 2545 F i A 5 b 2
AR 5] hn i R i 39 U 3 i VGCF K
K BEREAR, e Pl L BE H 35 pum Bl 10 pum. 5
BYE) N T i VGCF Wi 4T ™ 5,6 wm L)L F 47 4
THEEE,8 ~ 15 wm L4 F L.

60

40 1

Frequency

20

30 r/min-5 min

120 r/min-10 min

0 6 12

18 24 30

VGCEF length (um)

Fig. 1 SEM morphology of VGCF/PS composites (¢ =0.04) compounded at 190°C and at 30 r/min for

5 min (a) and at 120 r/min for 10 min (b) and length distribution of VGCF in the composites (¢)
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Fig. 2 G' (solid symbols) and G” ( hollow symbols) as a
function of w at 200°C for VGCF/PS composites compounded at
190°C and at 30 r/min for 5 min (a) and at 120 r/min for 10
min (b)

The measured data of G’ and G" are vertically shifted by a factor
of 10" ; The solid curves are calculated according to the modified
two-phase model (Eq. (1) and Eq. (2)). The dashed straight

lines are drawn according to the classical terminal flow theory.
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Fig. 3 Cole-Cole plots of 5" as a function of n" at 200°C for
VGCF/PS composites compounded at 190°C and at 30 r/min for
5 min (a) and at 120 r/min for 10 min (b)

The solid curves are calculated according to the modified two-

phase model (Eq. (1) and Eq. (2)).
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Fig. 4 G, against w, for VGCF/PS composites

er

compounded at 190°C at two different conditions
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Fig. 5 6'(¢,0)/C. (w) against G! (w) (filled symbols)

and 6"(@,0)/G" (w) against pG’ (w) (open symbols) for

VGCF/PS composites compounded at 190°C and at 30 r/min

for 5 min (a) and at 120 r/min for 10 min (b)

The solid curves are drawn according to the modified two-

phase model (Eq. (1) and Eq. (2)).
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Fig. 7 G’ (solid symbols) and G” (hollow symbols) at @ =1 rad s ' and 200°C as a function of y for VGCF/PS composites compounded

at 190°C and at 30 r/min for 5 min (a) and at 120 r/min for 10 min (b)

The measured data of G' and G" are vertically shifted by a factor of 10" ; The solid curves are calculated according to the y-dependent two-

phase model (Eq. (3), Eq. (4) and Eq. (5)).

Table 1 Model parameters of the VGCF/PS composites compounded at 190°C at two different conditions
Processing conditions @ Ve Gi(¢,y,.) (kPa) x Gi(p,y,)(Pa) ¥
0.02 0. 30 3.0 0.25 3.2 0.18
30 1/min-S min 0.03 0.35 4.6 0.32 5.2 0.22
0.04 0.33 4.8 0.33 4.6 0.18
0.05 0.35 7.9 0. 44 8.2 0. 30
0.02 0.19 1.8 0.22 2.8 0.12
120 +/min-10 min 0.03 0.20 1.3 0.18 2.1 0.12
0.04 0.19 3.9 0.28 4.3 0.18
0.05 0.16 6.5 0.45 6.8 0.28
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DYNAMIC RHEOLOGY OF VAPOR GROWN CARBON NANOFIBER
FILLED POLYSTYRENE MELTS

Yi-hu Song, Qiang Zheng

(MOE Key Laboratory of Macromolecular Synthesis and Functionalization, Department of Polymer Science and Engineering ,

Zhejiang University, Hangzhou 310027)

Abstract Influence of processing conditions on frequency (w)-dependent dynamic rheology of vapor grown
carbon nanofiber (VGCF) filled polystyrene (PS) melt (200°C ) with different VGCF volume fractions (¢ =
0 ~0.05) was studied in the framework of a modified two phase model. In comparison with the composites
processed in a strong-shear mixing condition (190°C ; 120 r/min-10 min), VGCF formed aggregates to a
higher degree in those processed in a weak-shear mixing condition (190°C; 30 r/min-5 min). The filler
aggregation was characterized by a higher value of strain amplification factor A, (@) and a smaller relaxation
exponent n related to the “filler phase”. Furthermore, strain (y)-dependent amplification factor,A;(¢, ),
and characteristic elastic and viscous moduli, G{(¢,y.) and G/(¢,7y.), were introduced to the two phase
model for discussing the nonlinear rheology with increasing y. The results showed that the two phase model
allowed discussing dynamic rheology of filled melts qualitatively. The processing condition influenced the
dispersion of VGCF in the matrix while it did not influence relationships of elastic contribution R'( ¢) against n
for w-dependent rheology as well as elastic modulus G/(¢,vy,) against nonlinear strain exponent x and viscous
modulus G/(¢,y.) against nonlinear strain exponent y, suggesting that the viscoelastic contribution of the
“filler phase” was closely related to its relaxation and structural stability.

Keywords Vapor grown carbon nanofiber, Polystyrene, Dynamic rheology



