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Fig.1 Lipophilic contact angles of sepiolites before and after modification
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Fig.3 TG curves of sepiolites before and after modification
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Fig.4 Zeta potential of sepiolites before and after modification
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(Y BELJE PERE S

3 g

A5 I 00 A B R 3 R, R A A B
T A7 1) DA PRS2 T, TR 1% G T Y A 1Y i R b A v
AaMg® " BB, R FLAE T, L i AU K 5 SR



57 ZE AR DA I e P A b R TR SR AR B R BT 503

KHS5705%F iR 17 10 15 360 A 47 2% i M 3% & A, 2
P Y A 1 25 e ik A R/ 215, 22, WO T IR
A7 5RO A S e R
N5507f HIAPSRNR , 4 e PR A/ 2 BANS SO H i
Lt 30/ 108, 2h P v 6 A7 / 7k BENS5S50/NRE & 4
AR ) L e 58 AL iR AR e O, T LA 5 R
NS5503R I R 47 A4 IR [R) R i 800z o il I, 2k
PR A A AR p BT

SE

[1] CHANG B P, GUPTA A, MUTHURAIJ R, et al. Bioresourced fillers
for rubber composite sustainability: Current development and future
opportunities[J]. Green Chemistry,2021,23 (15) : 5337-5378.

[2] FIORE V, SCALICI T, BELLA G D, et al. A review on basalt fibre

and its composites[J]. Composites: Part B,2015,74:74-94.

A, SIS, SRR, A sORTEARIE B o HCEOR A WF 5

JRLI. AR Tk, 2022, 69 (3) :228-233.

FU Y B,WU X H,ZHANG L Q, et al. Research progress of carbon

[3

=

black dispersion technology in rubber[J]. China Rubber Industry,
2022,69 (3) :228-233.
CREDICO B D, COBANI E, CALLONE E, et al. Size-

N
=

controlled self-assembly of anisotropic sepiolite fibers in rubber
nanocomposites[J]. Applied Clay Science,2018,152:51-64.

[5] JACOB M, THOMAS S, VARUGHESE K T. Mechanical properties
of sisal/oil palm hybrid fiber reinforced natural rubber composites[J].
Composites Science and Technology,2004,64 (7/8) :955-965.

[6] ZENG Z H,DONG Y,YUAN S H, et al. Natural mineral compounds

in energy-storage systems: Development, challenges, prospects[J].
Energy Storage Materials,2022,45:442-464.

i b, AR ER G, 26 A DL MR/ R AL A R
i BRI, AL RTRBT R, 2018, 46 (1) 1 158-161.

HAN Y Y,LI H D,YAN P X, et al. Study on the influence of organic

[7

sepiolite on resistant medium property of fluorine rubber[J]. New
Chemical Materials,2018,46 (1) : 158-161.

20, RENGIE. SiO,/ R IEAT B A MRLRAE B X RIS i 38
SRIT). R4 )@ T, 2020,43 (1) :49-51.

LIJY, CHENG Y H. Characterization of SiO,/sepiolite composites

(8

=

and its reinforcement to natural rubber[J]. Non-Metallic Mines,
2020,43 (1) :49-51.

X BER, B oA i, DRI T, 55 300 A7 A4k e B R T[], YL Pa Rk
22,1999 (1) :61-68.

DENG G F,LUO L T,CHEN Z P, et al. Properties of sepiolite and its

—_
)

application[J]. Jiangxi Science, 1999 (1) :61-68.

[10] ZAINI N A M,ISMAIL H,RUSLI A. Tensile, thermal , flammability
and morphological properties of sepiolite-filled ethylene propylene
diene monomer ( EPDM ) rubber composites[J]. Iranian Polymer

Journal,2018,27(5) :287-296.

(111 259000, B 1, fkhe s, 4. R e (I i PR TR0 A 1 il 2 e 3
ELT]. B4 BB, 2011, 34 (5) :27-29.
LIJY,MAY S,ZHANG T T,et al. Preparation and characterization
of organically modified sepiolite by silane coupling agent[J]. Non-
Metallic Mines,2011,34(5) :27-29.

[12] ZHOU F,YAN C J,ZHANG Y et al. Purification and defibering of
a Chinese sepiolite[J]. Applied Clay Science, 2016, 124/125: 119~
126.

[13] MOREIRA M A, CIUFFI K J, RIVES V, et al. Effect of

chemical modification of palygorskite and sepiolite by

3—-aminopropyltriethoxisilane on adsorption of cationic and anionic

dyes[J]. Applied Clay Science,2017,135:394-404.

WAy, PRI, SR, AF. A PRI AT BRI 2 T,

de4: @ 7,2011,34 (1) : 18-20,36.

XU H F,HU Z Q, GONG B K, et al. Analysis of physicochemical

[14

properties of composite modified sepiolite[J]. Non-Metallic Mines,
2011,34(1) :18-20, 36.

[15] FER,ZFRE, skl BOOKRE R =04 8 S st
JELI]. MRS, 2020,34 (22) : 168-172, 176.

LUYL, LIDY, ZHANG C. Research progress on synthesis of
ternary metal oxides by microwave hydrothermal[J]. Materials
Reports,2020,34(z2) : 168-172,176.

[16] Zn]uCo. HFILATFIGEIGE L XS DUPRZR AW R A 7134 (D). P B«
LT R, 2021
LI K X. Adsorption of tetracycline by sepiolite and montmorillonite,
and microwave regeneration[D]. Shenyang: Liaoning University,
2021.

[17] FE4 00, /R B DA, 46 Tk beIBGRIKHS 700 M ma b £/ 9
PG S 5 P A ) i 5 R RE 2 L], AR Tl 2022, 69 (9)
674-681.

CHU J W,WAN X D, WEI X X, et al. Preparation and performance
analysis of silane couple agent KH570 modified kaolin/acrylate
composite pressure sensitive adhesive[J]. China Rubber Industry,
2022,69(9) :674-681.

[18] ki 1, B[ J7, A~y i, 45 MU A X R I b BT /K 1 3R T 18
MilT]. A4 )@, 2018,41 (1) :49-52.

ZHANG X X, ZHANG Y F, YANG S K, et al. Acid activation
treatment of sepiolite and its hydrophilic surface modification[J].
Non-Metallic Mines,2018,41 (1) :49-52.

[19] LIR F,WU G H,JIANG L T,et al. Characterization of multi-scale
porous structure of fly ash/phosphate geopolymer hollow sphere
structures : From submillimeter to nano-scale[J]. Micron,2015,68:
54-58.

[20] SUAREZ M, GARCIA-RIVAS J, GARCIA-ROMERO E,
et al. Mineralogical characterisation and surface properties of
sepiolite from Polatli (Turkey) [J]. Applied Clay Science,2016,131:
124-130.

[21] WANG Z H, YUAN L, LIANG G Z, et al. Mechanically durable
and self-healing super-hydrophobic coating with hierarchically



504 B Tk 2023457045

structured KH570 modified SiO,-decorated aligned carbon nanotube BFFEID]. Kot b Tl kA%, 2017.
bundles[J]. Chemical Engineering Journal,2021,408 (1) : 127263. DING D B. Preparation and properties of the EPDM reinforced by

[22] FITARONI L B, VENANCIO T, TANAKA F H, et al. Organically sepiolite mineral and carbon black[D]. Tianjin: Hebei University of
modified sepiolite: Thermal treatment and chemical and Technology,2017.
morphological properties[J]. Applied Clay Science, 2019, 179: (28] Tf, FAE, WA, 55, e M IR O M I X =T SR
105149. PERERFZIALY]. TI I Tl K272yl , 2017, 46 (2) :69-74.

[23] LESCANO L, CASTILLO L, MARFIL S, et al. Alternative DING D B, WANG F,TAN J J, et al. Effect of soupling modificated
methodologies for sepiolite defibering[J]. Applied Clay Science, sepiolite on the properties of ethylene propylene dien monomer[J].
2014,95:378-382. Journal of Hebei University of Technology,2017,46(2) :69-74.

[24] Z=3tTC, T 43, 5KA , A5 MR A1 A T A B HL A3 RS 2 MERT (201 BRI, DRI, B A3 W, 25 AT RN =0 L N AR IR ARG
500 B4 IEH,2012,35(5) :16-18. SEPEIZIA ] BRI ST, 2017,31 (1) :867-873.
LIJY,MAY S,ZHANG L,et al. Surface modification of sepiolite ZHAO Z G, TANG Q G, ZENG Z G, et al. Effect of sepiolite on
and its dispersion stability[J]. Non-Metallic Mines, 2012, 35 (5) : thermo-oxidative stability performance of reinforced EPDM[J].
16-18. Chinese Journal of Materials Research,2017,31(11) :867-873.

[25] BALLe, B, WRIE JT. AEKEREE thBREEE T X O SiO, i R 25 [30] COBANI E, TAGLIARO I, GEPPI M, et al. Hybrid interface
14 RLEE RN Zeta LA Y2 MR T]. SR TRE 2441, 2007, 7 (4) : 827-831. in sepiolite rubber nanocomposites: Role of self-assembled
HU HY,HU H P, CHEN Q Y. Effect of non-aqueous ball milling nanostructure in controlling dissipative phenomenalJ].
on the structure, particle size and zeta potential of modified silicon Nanomaterials,2019,9 (4) :486.
dioxide[J]. The Chinese Journal of Process Engineering,2007,7 (4): (311 RFFI, B 5, Bl 4 A, 465 ARUB - SEDRERH BRI T A58/ 14 ¢
827-831. BB PR ShAT FERE I R ). & o TR R S TR,

[26] BATFHF, EARES, F220, 45, WMok = S s By RS0 BRI K e 2018,34(12) :64-70,77.

B BIEPERED]. AR, 2015,38 (1) :25-28. LIUC L, LUO Z, ZHONG J C, et al. Effect of rubberfiller
ZHAO J H, WANG D M, WANG X G. et al. Effect of modified interactions on dynamic mechanical property of styrene-butadiene
triethanolamine grinding aids on grinding performance of fly ash rubber/silica composite[J]. Polymer Materials Science and
cement[J]. Non-Metallic Mines,2015,38 (1) :25-28. Engineering,2018,34 (12) :64-70,77.

[27] T8, AT 45 5 B DI bt =TT L AR I il #8-55 PR Ye#s H #5:2023-03-09

Study on NR Reinforced by Microwave-assisted Modified Sepiolite

Lo Lo . .2 3 . .o
LI Jing ,LEI Qianjie ,MENG Ziyi ,LIU Yongming™ ,JIANG Hao",LIU Qingting
(1. Hubei University of Technology, Wuhan 430068, China,; 2. Beihang University, Beijing 100191, China; 3. Wuhan Troowin Power System
Technology Co. ,Ltd, Wuhan 430079, China)

Abstract: In this study, sepiolite was modified by microwave assisted acid activation and surface
modification of silane coupling agent KH570 (referred to as KH570) , and the structure change of sepiolite
was studied. Then, modified sepiolite was applied to reinforce natural rubber (NR) compounds with carbon
black N550, and the effects of modified sepiolite and carbon black N550 blending on the properties of NR
composites were investigated. The results showed that KH570 reacted with the surface —OH groups on acid
activated sepiolite and coated its surface, the lipophilic contact angle of modified sepiolite was reduced and the
compatibility between modified sepiolite and NR was improved. With the increase of the dosage of modified
sepiolite, the curing time of modified sepiolite/carbon black N550/NR composite was prolonged, the tensile
strength and elongation at break increased, the compression set decreased at first and then increased, the
aging resistance was improved, and the storage modulus, loss modulus and loss factor decreased. When the
dosage ratio of modified sepiolite/carbon black N550 was 30/10, the tensile strength and elongation at break
of modified sepiolite/carbon black N550/NR composites were the largest.

Key words: NR ; sepiolite;acid activation;reinforcement; dynamic mechanical property



