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Table 2 Chemical composition of siliceous earth

2 A% SiO; Al,0O; MgO CaO Fe; O3 K;0O Naz O Ry

B E /% 79.57 13. 44 0. 25 0.18 0.57 0. 09 0.13 2.55

M:Mvscovite-2M
G:kaoline
Q:low quartz

Q
Q Q
M Q
Wb%jwm
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2-thera-scale
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Figure 1 XRD spectra of siliceous earth
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Figure 2 Electron microscopy image of siliceous earth
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Figure 3 Particle size distributions of siliceous earth
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Table 3 Results of the analysis of rheograms of various NR compounds

. M/ Mu/ T/ Too/ Ts1/ Ts2/ it A 2 B/
B i dNm dNm min min min min (CRI, min™ D)
BO 1.73 10. 89 2.49 8. 26 2.52 3.13 17. 42
Bl 0. 74 10. 00 3.21 9.25 3.23 3.45 16. 61
B2 1.13 10. 40 3.58 10. 27 4. 01 4. 25 15.97
B3 1. 21 10. 20 4.52 10. 51 4.12 4.61 15. 64
B4 1. 19 9.85 4.45 11. 23 4.49 5.16 14. 83
B5 1. 00 9.53 4. 34 12. 19 4. 39 5.07 13.29
B6 0.73 7.25 9.51 18. 37 10. 15 11. 07 12. 16
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Figure 4 Rheometric cure curves of NR compounds
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Table 4 Mechanical properties of NR composites

i FL A58 J% / MPa HE BT K 3R/ %6 100 % 52 i i /1 / MPa 300 %0 52 1 i /1 /MPa 500 % 52 {fi b7 /1 / MPa
BO 17.78 620. 92 1.34 4.01 10. 41
Bl 21.58 614. 68 1. 40 1.67 12. 24
B2 20. 90 619. 84 1.38 4.41 11. 96
B3 20. 86 604. 16 1.45 4. 64 13.16
B4 21. 99 637. 36 1.35 1.46 12. 04
B5 21. 64 645.52 1. 32 4.26 11. 42
B6 20. 75 688. 62 1.05 3.31 8. 61
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Figure 5 Crossling density of NR composites
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Figure 6 Stroage modulus and tand vs temperature for the NR vulcanizations

2.7 BEXIERNENS SR

XF AL GEIFURE  SFURM-AR B 0 FH ELAE F O Ab ok 1k BB S B 24 T X T 4 KR A EURL, SEURL R 2% 1Y
T I X AR A SR A Y 4 B R AR . O TR AN SR AL L Nie S50 R FH = AR [0 46 455 80 T 45 286 L AR
A ASE U 58 Tig b fife R G - 5 o BRI SR VR FH 0% DX 501, NR A S20RE I 28 25 4 R s R i 7 . B  ACB A
I3 7 e AR P 4 R DI T C R 3R AR Y T B R R T S R X . RSN B AE TR L BR T A
B AH B8 S o LAk L IR A AR T C AR A2 0 B s v i S AL RN Ty AR . A K il T AT AR v Y I 4
L AR B AN SRR T AR A I SN ) R B AR TR . R R AR A O AR X R - 1 AR
LHATHNE A B S ER I A REA C RIS/ 00 BRI, B i AT LA B v ORI 4% g 2 A k. B
IIACKS LR L ¢ 8 B SE0RE I 48 B2 50 o 3 nl LU R DR b B AT s B0 SEURRAG R S T AH B AR R

10. 14028/j. cnki. 1003-3726. 2016. 07. 008



- 68 - I A 2016 4F 7

fR R i BT 2200 [ TSRO RO 2% . Bk SR R AR LG L BR T A R SRR ES A ARG e A L 38 A AR RLR B A B A
X NR EUR 6 25 9 52 00 5 0RG 12600, AH FE e 8 ik oA BN L SR T AR ik R BT NR R S8 15 2 ]
AT 5 R (LA 55 5 Ik T R R I I v T R R E X RE 5 s RIE T 5 AR e R
SR MR SR - 1 38 5 AT 4 7 A5 O OB T R B8 1 SURE ORI 45 70 SE I R R . X 5 B AL A
PRI AZ I I 2 R —

C phase

A and B phases

7 NR & & UR W 46 45 1w 23

Figure 7 Inhomogeneous network structure of NRM!H

3 Hib

2R RE 5 R SRR O B G ORI E NR, fE 60 NR IR B 09 B A6 B AT 5835 9 48 38 %5000
BRI — R SRR B L BE RS B 2 BV L G A5 OB LR B AL BT 0 A I s A Bk .
R R AR WP B STk W 0 O T . e S R SR IF T B 53 PR R SR T R SR AU A L e 5
JE ARV T SR PR TSR AR AR I B o Y R b A B EURL G 40 60 I 52 5 SEURMR I 1A R B B i
SR TR B R, T M Rk 4 i DR 30 V0 NR BRAG I B B R I SC I08 BE . 1 a FRRRE 4 6 R AR
PRI BA — 7 B B3 [ P A

5 Wk -

L1 8kar, BAL, TR 844, MRS, 8 Tk ,2015,62(9) :571~574.
(2] fhFp. i, 201410645853, 0. 2014-11-5.

[3] Jiurgen G, Werner K. Micros Analys, 2008, (9):23~24.

(4] SB&dp. mEAESET TS T,1990,56(2) :43~50.

[ 5] Sathy C, Latha L. T. Indian Ceram Soc, 1996, 55(5);135~137.
[6] AR EAEMR, R AEEED,1995,(106) :43~45.

[7] Deng M J,Liu Q X, Xu Z H. Miner Eng, 2013, 22(4):46~47.

[ 81 WA, wokfe, iFfee, 55, A5 kL, 2006,39(2) :32~35.

L9] Hmhs, JAmE, Bk, JE4&ET.2007,30(4):17~19.

[10] DuL L, Guo BC, Lei Y D. Polym, 2008, 49: 4871~4876.

[11] NieYJ, QuL L, Huang G S, Wang X A, Weng G H, Wu ] R. J Appl Polym Sci, 2014, Doi: 10. 1002/App. 40324.
[12] XUESE ZF. @ TR 5 TR, 2012,28(9):64~68.

10. 14028/j. cnki. 1003-3726. 2016. 07. 008



The Influence of Siliceous Earth/Silica Hybrid Filler on
Properties of Natural Rubber

CHEN Jing', ZHONG Jie-ping®, PAN Rong-kan', XU Kui’*, MIAO Wan-gen', HE Cheng'

(1. School of Chemistry and Chemical Engineering , Lingnan Normal University; Development Center for New Materials
Engineering & Technology in Universities of Guangdong , Institute of Physical Chemistry, Zhanjiang 524048, China;
2. Institute of Science ,Guangdong Ocean University . Zhanjiang 524088, China; 3. Agriculture Ministry Key Laboratory of
Natural Rubber Processing , Agricultural Products Processing Research Institute, Chinese Academy of

Tropical Agricultural Sciences, Zhanjiang 524001, China)

Abstract; Siliceous earth is a non-metallic minerals mainly composed of low quartz and clay mineral such as Kaolin and
muscovite, has a unique particles and layer superimposed structure. This work adopts silica and siliceous earth as hybrid
filler on Natural Rubber (NR). The vulcanization characteristics and mechanical properties of NR composites were
discussed. The results show that after modification, average particle size of siliceous earth decreases. When silica and
siliceous earth work together. which is beneficial to enhance liquidity at the beginning stage of NR vulcanization. extend the
scorch time and not significantly lower curing rate, can improve the processing performance of rubber. Tensile test results
show that the hybrid filler compared with silica or siliceous earth used alone, can improve the tensile strength, modulus and
crosslinking density of the NR composites, and in the meanwhile don’t reduce elasticity of NR composites. Siliceous earth
and silica has synergistic reinforcement effect on NR. Dynamic mechanical analysis results show that siliceous earth is more
advantageous to reduce the heat and rolling resistance of NR vulcanizates.

Key words: Siliceous earth; Silica; Natural rubber; Reinforcing properties
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