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Fig. 1 Structural formula of xanthogenate-based silane coupling agent
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Fig.3 Synthesis route of ethyl xanthate-based silane coupling agent

Fig. 4 Synthesis route of octyl xanthogenate silane coupling agent



Tab. 1 Formulation for the preparation of SBR/silica composites

Sample

Material Si-69 NXT EXS OXS
SBR1502 100 100 100 100
Silica 50 50 50 50
Zinc oxide 3 3 3 3
SA 1 1 1 1
Ccz 1 1 1 1
DPG 1.5 1.5 1.5 1.5

S 1.75 1.75 1.75 1.75
Si-69 2 0 0 0
NXT 0 2 0 0
EXS 0 0 2 0
OXS 0 0 0 2
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y AAE = F R 9.62 g, [A B iR 5 80 °C,

B0 0 58 BE 5 4k 42 )N 20 min J5 5 1, ON VKK i
EP/—«\?I] 10 min, &5, W LEEBVE, A&
T T R FFAE 50 °C it FE 30 min J5 i ¥, 615 B KR
W R 2, A BB HW Y. & B 2w
Fig.4 FT7n
13 HEBREEEKEERINEAREBESNET X
BR/BREEEME

SO0 ) ELAREC 77 W Tab. 1 fT7n o JE R £ 43 N 2

Bl BRIBBAAETBI D #ET, KBV HBIREN
80 °C, ¥ ¥ 70 t/min, Je N T RAZ L , % 4 2 min
J& ¥ TR A T AR IR R 0 R BN, B K 4 min, B
J& IR\ B B R 3E 75 DPG 2 A i /N RE, 25 0 3
min J5 HE ; Z BORBRAE T AL EREAT, BRI N
1 mm , $& 35 4 40 °C, 383K N 20 r/min , B % % 5 16 %
BHAH G N B IR AL 347 B, 5 5 K o
AAR 257 DPG A 85, SR H “ 7 = J1 716 IR s
Y151, BAREE A 2 02 mm 5 BT =M 6%, H
BHREHEE 16 mm S TR, FAREZ NI
min. ¥ % A5 O RS TR ST RO AL L iR AL, 5
126 160 °C/10 MPax s »
1.4 MEEEMIK R RIE
1.4.1  £e5h R (FT-IR) 2 A7 : Z0 48 6% i H A 40 6
2\ ] 1) Jasco {8 HL AR 3 27 A0 5 1% SO AT A BT . DU

G Bl A 400~4000 cm™', F1 9 32 4K, 7 HEHR 4 em,
BFE K KBr A e i 1 4% .

1.4.2  H# 33k A% CH-NMR) % #7 : 5% 1 8t A &
TL A F R AV 400 FE TR G SRR A, R R AR A
177 5 DY B 3 Bk e A P AR

1.4.3 1R 45 F Ao AR AL 4 P 9K HJT%%‘ﬁft‘f%“ﬁGB/
T 1232.1—2000 ¢ A B A0 A5 e FH [ 4 55 U) 36 B2 v 28
oy 118 B I ) 2 AT AR Eiwc*%%ri&GB/
T 16584—1996 (15 Jik H1 TG %% -+ i Ak A0 72 it 4 ¢
PE) AT I

1.4.4 7)o bk a8 09K, - iz A o BE R FH L 2% KR
% GB/T 528—2009 € B 14 15 15 B #9811 45 I At 2
77 AR 1 B W e ) 7E HL R L B A
JE R H M % B, % GB/T 529—2008 (it 4k Ji %
TR M AR s SR i B I E (RETE L EL A TR AT A
TEAFED VTE fL TR g ML

145 A5 5 #54 (DMA) : Btk IR 3h & 112
PEBE 73 7 7E Q800 L kAT o S HG SR FH LA AL, S
10 Hz , ii# 5 6 il — 60~80 °C , 7t i i# % 3 °C/min
1.4.6 & & P A& 5K : DIN BE #£ 4% GB/T 9867—2008
e % 6 13 2B AE ML) ) /E GT-7012-D B BE FEHL |
TR

1.4.7 R 45 £ M AL 5 AT« R 45 A 3% GB/T 1687 —
93 7F J& 4 A= #AR I8 AL L 2B AT AR . I Ak 4% A D v
£ 4.45 mm. U fiF 1.0 MPa. [k 4 4 % 30 Hz. i% /%
55 °C.



4

148 3% F 24 (SEM) 47 : i H A B 7 #k
32 2R 7= 19 3% R 5 451 4 8 BE JSM-7500F % A i (1)
W T T S0 HE AT AR . D ZRE B AR E R %
I, 75 8 FH & W5 iR X JFC-1600 Auto Fine Coater Xif
Pz A R 2 T AT WS4, 0 T HL R 20 KV

2 FHR5R

21 HEBREEEERBHEFINEWRLE

210 FHREEE A AEABIFEAN G LR E A L
R B TR T R e o A B ) R 3 R DR R R R e e
8 BB 771 119 21 40 6 3 43 1) 4 Fig.s A Fig.6 BT, % 44
£ 2850~2975 cm ¥ [ N >y CH, A1 CH. 1 1 4 4% 21 )
g Ueg , B D5 IR IR S A e A EBC 7 AE % 2R 1000~1200
em’ YU [ A #B A B T A IR W Wi, FLd g 3 A R
T 4, Si—O B 47 4R 3 23 1 6k B A 5
WSC, 5 L 2 A 2 A S IR ST U, 43 ol P s G
U, B R TR 1 SRR AE B RE 4] C=S 7E % %9 1100 cm!
B 30Tt A R WA 5 B S, C—O B R 3R S I A U B 7
BEL1100 em™ e A7 o R HALE 1389~1646 em! 4b AR 1T
SR P PR AT g o R T B D IR IR e A b A B AR 5 C=S
FHIZE (1) C—O BRSNS, 3 U AE 787 em! f T V3 )&
T Si—C B 11 5 W AL 0

3000 2400 1800 1200 600
o/cm’

Fig.5 FT-IR spectrum of ethyl xanthate-based silane coupling agent
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Fig.9 Effect of xanthogenate- based silane coupling agent on
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Fig.10 Vulcanization curves of the SBR/silica compounds modified
with xanthogenate-based silane coupling agents
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Tab.2 Vulcanization characteristic parameters of SBR/silica compounds modified with xanthogenate- based

silane coupling agent

Sample
Parameter Si-69 NXT EXS 0XS
M /(dN -m) 2.72 232 3.38 3.12
M/(dN -m) 19.80 19.08 20.14 20.27
Mi-M./(dN - m) 17.08 16.76 16.76 17.15
fi/min 4.16 4.45 3.46 4.50
t/min 13.40 13.56 13.18 14.27
to-ti/min 9.24 9.11 9.72 9.77
K/min"! 10.82 10.98 10.29 10.24
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Fig.11 SEM of the tensile section of SBR/silica composite vulcanizate modified with silane coupling agents
(a): Si-69 modified SBR/silica composites; (b): NXT modified SBR/silica composites; (¢): EXS modified SBR/
silica composites; (d): OXS modified SBR/silica composites
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Tab.3 Effect of xanthogenate- based silane coupling agent on mechanical properties of SBR/silica

composites
Sample
Performance Si-69 NXT EXS 0XS
Tensile strength/MPa 20.3+1.86 22.5+3.31 22.3+1.57 22.6+2.04
Stress at 300% /MPa 4.20+0.27 4.08+0.27 4.67+0.20 4.06+0.35
Stress at 100% /MPa 1.50+0.05 1.39+0.05 1.50+0.07 1.36+0.04
Elongation at break /% 722.5+35.5 705.7£56 705.4+41.8 821.6+28.3
Tear strength /(kN-m") 45.5+3.65 50.9+£5.14 56.8+6.87 58.1+3.68
Hardness /Shore A 64 61 62 62

Resilience /% 56.6+0.3 54.7+0.62 57.9£0.17 54.74+0.17
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Fig.12 Effect of xanthogenate-based silane coupling agent on the
abrasion resistance of SBR/silica composites
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Fig.13 Effect of xanthogenate-based silane coupling agent on the
heat buildup of SBR/silica composites
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Fig.14 Dynamic mechanical properties of SBR/silica composites
modified with xanthate-based silane coupling agents
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Synthesis of Xanthate-based Silane Coupling Agent and Its Application
in Styrene-butadiene Rubber/Silica Composites

Huaping Wang, Zhihan Wang, Jinyun Cui, Binbin Yao, Ze Kan, Abin Sun
(Key Laboratory of Biobased Polymer Materials, Shandong Provincial Education Department, School of Polymer
Science and Engineering, Qingdao University of Science and Technology, Qingdao 266042, China)

ABSTRACT: Xanthate silane coupling agents ethyl xanthate propyl triethoxysilane (EXS) and octyl xanthate
propyl triethoxysilane (OXS) with different alkyl chain lengths were prepared by phase transfer catalysis. Two
xanthate- based silane coupling agents were used to modify silica and reinforce styrene- butadiene rubber, the
processing properties, vulcanization properties, mechanical properties, wear resistance, compression properties,
dynamic mechanical properties of styrene-butadiene rubber/silica composites were studied. At the same time, the
composites modified with bis- [y- (triethoxysilyl)propyl]tetrasulfide (Si- 69) and end- capped mercaptosilane
coupling agent (NXT) were prepared as comparison to explore the feasibility of the new coupling agents to replace
NXT and Si-69 in rubber industry. The results show that the OXS-modified composites with long alkyl chains have
the lowest Mooney viscosity, high processing safety but a slightly slower vulcanization speed, and the composites
modified with EXS have a low processing safety but the vulcanization speed is faster; the mechanical properties,
hardness and wear resistance of the composite modified with the new coupling agents are higher than those of the
NXT modified composites, and the rolling resistance is lower; the silica modified with EXS has better dispersion
in rubber matrix, and the higher interaction between filler and rubber.

Keywords: phase transfer catalysis; xanthate- based silane coupling agent; styrene- butadiene rubber; silica;

vulcanization performance



