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Fig.1 Schematic diagram of liquid phase lamination mixing process
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Tab.1 Effect of silica/carbon black blending ratios and
mixing processes on vulcanization characteristics of
NR compounds

Fp R/ R BT I

Tt H
10/40 20/30 30/20 40/10

F./(dN ¢ m)
WRAE S 2 R 1.03 1.11 1.26 1.34
TR 1.20 1.56 1.68 1.86

F.../ (dN * m)
M B 2 R B 10.15 11.22 11.35 12.37

TR 11.38 11.64 12.71 13.90
t,o/min

RAH e 2 TR 1.05 1.59 1.54 1.68

TR 1.17 1.26 1.37 1.54
1o/ min

VRAE S 2 R 5.32 5.35 4.49" 5.56

TR 4.94 5.99 6.49 6.56

VE 1) MR R T R IR

MR IA] LU B e 8/ BRI T L Y
WK CRHWA S ZERE T EMTREER T E
AONRIR RS Y F R F,,, S 2 04 R X & il T
TEUH} I £ 235 1) 0 A2 B A R %) 3t 3 M AR 1Y 2%
s £ Fl oo A 52 AT A R 3, 3R WY B} A8 o T2 4
PESE ST, B AL R AR, X2 T H o A e AL
KIFEL, 5NRAAHZS PR 22 I

MFVA T LLE Y, B/ e 28I LA [R)
B, SR A & )2 TR R T8 NRIE 5 JE 1 2, E
KRR T BNRIR R S A 4 (( ok 2/
BT LA 10/408R51) | 3 AT fig J2& B R R FH
A 2 TR R T2 FINRIR R A HURL 0 14 51 7
PSR TR TR T 25 BNRIR I -, IR S
PERE AT, A% S TP, DT 2045 401
2.2 Payne® M

1 i 2B/ e B I FH EG 6 SR FH VRO & 2 05 R
P TS AT IR TR MR T2 I NRIR 5 5 1Y) i AR ASE it

(G") — I A% (e) Hh 26 0 52 i 43 551 4n B2 13 i 7

Payne&§ i K FAE TCALIFURE7E IR 1) 43 1K
H, BEE I B R, it BB S R I (AGT) B/
PayneR{ N it 55 , 2 WIRURHG 73 Utk B AT

N2 BT, B 1 e B/ Je SR P FE IS K
KBS )2 ERE T S HNRIEHIKIAG 1
K, Payne§U I &t 34 5 e, OB HIOROR A8 2%



850 %o Tk

20214F25 684

1800
1600 |
1400 |-
1200 |-

§ 1000 |

o 800

600 -

200

‘ ‘

1
0 10 20 30 40
lg (¢/%)

P15/ 5 I T 1 . m—10/40; @—20/30; V—
30/20; 40/10,
B2 BxREB/REFALEIXAREEEZREEGEIZN

NRIBGR G- e 2 B350
Fig.2 Effect of silica/carbon black blending ratios on

G'-¢ curves of NR compounds with liquid phase

lamination mixing process
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Fig.3 Effect of silica/carbon black blending ratios on
G'-¢ curves of NR compounds with dry mixing process
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mixing processes on thermal conductivity of NR compounds
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Fig.7 Effect of silica/carbon black blending ratios and
mixing processes on elongations at break of NR vulcanizates
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B, NRB A B 7 e 560 JF AR Bt R ARG 3 5 7R3
IE N, ok B/ 2RI o 10/ 40N R 1t
JBE ) Fir A i B R K, SR A & 2 1R IR R T2
TR T2 NRBL AL ()P A5 52 5353 R 25. 5
F124. 5 MPa, flZE AR K,

M 7] DL Bl 1R 2R/ e B I A L
B, NRBR AR A7 T (4 3 A 52 R ke 345 78
I N, Ak S/ e 2RI R 10/ 40BN R
A 0 For B i R R, SR A & 2 1R TR R T
SRR T 2 BUNRBL AL 557 B e 250 5]
H612%F1563%.

M8 LLF i« B 1 28/ i B JT T L Y
HaK, R WA & 2 IR T 20 NR G Ak i
458 B 0N B 7RI LY, O B/ ke T
FH A 10/ 408 NR A Ak Jie (%) 0 24 588 B 45 K, M99
KN »m'', {5 R/Jk 2T EL 40/ 108 NR AT 16
I 245 e /N, TS KN e m

M8 T LA R TR MR T2 FINR
T A e %) 48 2 58 B S B AR S 12 1 PR AR5 76 i
TR, R R/ BT LG R 30/ 20 B NRETL AL A
() 4 S 55 B e K, 95 KN e m !, AR TR/ ok BRI
HI LG A740/ 10RS NRB AR e 1) 4 24 98 B2 /N, h81
KN +m',

2.5 mRESHM

P 3/ B3 FH HE K 10/ 408 5% WA 2 )2
IR T AT IR T2 MNRIB MR 1 5 B4y
FCHR L UL 9

MR LU H R TR IR B T2 BNRIE



852 K

T

20214F25 684

(b) Tk iR
B9 RABEEEZFRGEIZMTEREIZN

NRIBRRL B 7% & 53 BB L
Fig.9 Carbon black dispersions of NR compounds with
liquid phase lamination mixing process and dry mixing process
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Effects of Mixing Process and Silica/Carbon Black Blending Ratio on
Properties of NR Compound

YU Boguan'’,LIN Guangyi'’, WANG Hong'?, QU Siyuan'>, WANG Jia""’

(1. Qingdao University of Science and Technology, Qingdao 266061, China; 2. Shandong Key Laboratory of Advanced Polymer Materials
Manufacturing, Qingdao 266061, China)

Abstract: The NR compound was prepared by liquid phase lamination mixing process. The effect of
silica/carbon black blending ratio on the properties of the NR compound was studied, and compared with
the NR compound prepared by dry mixing process. The results showed that, with the increase of silica/
carbon black blending ratio, £, and F,, of the NR compound with either mixing process increased, #,, and
ty, were basically prolonged, and #,, of the NR compound with liquid phase lamination mixing process was
slightly shorter. Moreover, the Payne effect of the NR compound increased with the increase of silica/
carbon black blending ratio, and the filler dispersion became worse. The thermal conductivity of the NR
compounds prepared by both mixing processes showed a downward trend, and the thermal conductivity of
the NR compound with liquid phase lamination mixing process was higher. The hardness, tensile strength
and elongation at break of the NR vulcanizate generally decreased with the increase of silica/carbon black
blending ratio, the tear strength of the NR vulcanizate with liquid phase lamination mixing process gradually
decreased, and the tear strength of the NR vulcanizate with dry mixing process first decreased, then increased
and then decreased again. The NR compound with dry mixing process was more likely to trap air bubbles, and
the NR compound with liquid phase laminated mixing process had less bubbles, lower degree of carbon black
agglomeration and more uniform dispersion of the fillers.

Key words: mixing process; liquid phase lamination method;silica; carbon black;blending ratio; NR;

vulcanization characteristic ; physical property ; dispersibility



