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1.1 ZE# R

RARBBE (NR) , Z& [ 3L br e e ; A AL &F
BEIR Bifed A2 i) CZ A2 7] D B & 7 4020 L
K Re (R0 Si69 )N 4 B BB A R A )
PRAL S 1k B VNG 8 S8 P E R R N330,
A28 H R i DA A T A BR AN ) 5 -4 7K H T ik 4
N = F SR L hE e (A-187) ,98% , Acros; X & K&
T KB (PPDA) ,95% , BT T 5 A H
1.2 AHEH&E
12,1 B B 5

AR R A 2 AT R AT T SR A187
F1 PPDA 45 5 19 )2 AR & BI# ] A187 5 PPDA
fR R ISEFEE JR LG A 1 1, B i) 45 B4R B 5 B B8 7= 9.
HEBfR AR I — 2 2 1 SN P A2 = 1 Be i b, 38 A
R TE 130 CHAEIR M g it 3 h (S h 22
M), W45 ) 7= 4. '"H-NMR ( CDCL,, 400
MHz, §): 0.70 (t, 2H, SiCH,), 1.73 (m, 2H,
SiCH,CH,), 3.11 (m, 1H, NHCH,), 3.24 (m,
1H, NHCH,), 3.38 ~3.47 (m, 5H, OCH,CH,,
OCH,CH, OCH,CH), 3.56 (m, 9H, OCH,), 4.01
(s, IH, NHCH,), 5.44 (s, 1H, ArNHAr), 6.60
~6.68 (m, 2H, Ar—H), 6.76 ~6.87 (m, 3H,
Ar—H), 6.94 ~7.04 (m, 2H, Ar—H), 7.15 ~

7.19 (m, 2H, Ar—H). MS: M + 1, 421.2147,
422.2173, 423.2164. IR (v, ecm ') ( KBr
pellet) : 3461, 3430, 3374, 3047, 3026, 2941,
2841, 1605, 1518, 1310, 1192, 1084, 819.
1.2.2 HEMERHS

SCUS SRR B T AR 1 TR, B e Rk
JE A6 RUSR T HR ML L 38 9 vk, A 5 R K P AR
RN AE A R 58, I A AL S T B 2 B 51
A LEURL SR JE MU A B ALBE BE IR TR | b7 & 7] e
) B i dE RS S R AT AT B4 3 W a
W6 S IE I E 1 mm IR A W
W FE AR AR AL Ak R R B4R TR EE 150 C
Bt Ak B 18] 5 TF 6 Ak B[] 2,90 +2.

Table 1 Formulations of the composites

No. 0 1 2 3 4 5 6 7
NR 100 100 100 100 100 100 100 100
VN3 0 50 50 50 50 50 50 50
N330 50 0 0 0 0 0 0 0
SA 2 2 2 2 2 2 2 2
Zn0 4 4 4 4 4 4 4 4
S 2 2 2 2 2 2 2 2
CZ 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
D 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Si69 0 0 4 0 0
4020 1.5 1.5 1.5 0 0 0 0 0
Antioxidant

0 0 1.8 3.6 54 7.2 9

coupling agent

1.3 Sk
1.3.1 B &R Y 245 40 AL

"H-NMR & H i - 17 & 50 A 6 i) AVANCE
111 400 8 F A% M I AR5 AL, T2 45 400 MHz, % 514
CDCl,. i (MS) 78 [ 1 & 50 2 | & 20 BF LC-
Q-TOF Y #5032 2L &b (IR ) Bl i 7 [ A 5 70
F [ Vector 33 fi BL it 2T AR 635 A0, 1R 2R
TRACER e R vk 4
1.3.2  Bifbde ki

K H 2R 7R 56 e RS I A4 A B 2> /] /Y G-
M2000 7Y T6 e i Ak A3 I 7 VR O M ) A A R
WM 214 150 °C x 30 min.
1.3.3 RPA Ui

% 2% [ ALPHA TECHNOLOGLES 2\ &) fY
RPA2000 #4257 43 A Ak 7 7 032K 7 T 4 M
VLA 5 0 A7 07 A8 41 1 00 5k TR MR A TR EE 60 °C.
WA 1 Hz W AZ YRR 0. 7% ~400% .
1.3.4  Jp2etEge it

i GB/T528-1998 3 At b i ik R 119 52 A iz
73 BL A 5E EE Ak B AR A< 3 B E 500 mm -
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Fig. 1 Synthesis of antioxidant coupling agent
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Fig. 2 '"H-NMR spectra of A187, PPDA and antioxidant coupling agent
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Fig. 3 MS spectrum of the antioxidant coupling agent
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Fig. 4 IR spectrum of the antioxidant coupling agent
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JE.

X Ll A% TE 7 Y £ BE s [R] mT LU Y sk B /NR
1) £ be ) 18] d5c 4, ok o 7 55 2 & MR T Si69/
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Xif b IE A Ak S [0 2, , S SE/NR PR AS Wi
e A R0 L A A T 0 s A T LA e Y IE B
AR, 2R ook (2% BB /NR B IE B Ak B ) A K
7 B 5 7 2 R B0 351 5 o 1) 184 n , 2 vl By 2 ) e Ak
P12k 24 /NR 14 1E G A s TR] R W70/ | X 5 4 b it
1) 776 A ) 4 78 A 3 (A5 Y 2, o T By %
B IBE R0 119 52 45 4 RH 1) TE B A BsF 1) 347 % ik - Si69
1952 A MORE 3 A5 A4 H I T B2 1 REREREAIR. 52
FLIRA — 5 T2 PR 2 5 7 S A K 3R 1 ik 3
L TR P AR, DT /2 17 X A7 Ak 391 114 W% B, -
LR PS5, D b 406 i Ak ek 125 55 — O T R
D]y 75 2 AH3 B0 391 oA 5 e 35k 140 553 M 9 ok, o) B £k
A AR AR

Table 2 Cure characteristics of different filler/NR compounds

No. 0 1 2 3 4 5 6 7

MH(dNm) 36.38 29. 62 31.24 36. 34 39. 61 38.78 39.59 40.27
ML(dNm) 5.59 11.35 8.99 12.61 9.25 7.99 6.75 8.01
ts1(s) 64 174 202 178 154 130 110 80
tc10(s) 72 175 223 180 170 145 112 88
190(s) 166 710 566 445 334 273 219 176

2.3 EhAEFEMERES

R A TR AR I 4 it e AR Sk B 1 AR B 0 i
AR A IR 42 PR 22 Payne R0, SUBHZE A 8 v Y
3 HOBR 2 SEURHA] A AR AR B ) Payne 25007
A 060 °CTF NR A M RHIE M 11 ik e A5
TG N AR iR R A AR M UL IR 5. AN R oRT LR
£t B P ER U = S A S VAR e TR NI WA
e M F— 80 R ot H i B /NR 23R B
f) Payne RNV , 75 /)5 b 742 T LM 4S8 g 3y T L
ey, 5 HEA R &S W HEAHE -3 X ER TR
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Fig. 5 Strain dependence of G’ for different filler/NR

compounds
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s B B3k — A & JF B 5 B /NR 1 Si69
SO 5 B /NR Y ) 2 M BB AH Y. X R R Ol B
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Table 3 Mechanical properties of different filler/NR vulcanizates

No. 0 1 2 3 4 5 6 7
Tensile strength ( MPa) 290.8 17.1 29.7 19.6 28.1 30.5 29.3 29.9
TS at 100% (MPa) 4.1 1.5 3 2 2.1 2.2 2.7 2.7
TS at 300% (MPa) 15.7 3.6 8.7 5.2 5.7 6.2 7.3 7.5
Elongation at break (% ) 497 903 726 762 866 831 773 762
Permanent set (% ) 32 68 60 48 50 56 56 60
Shore A hardness 64 54 69 58 62 64 66 69
Tear strength (N mm ~!) 72.8 28 82.5 31.5 84.2 85 88.8 120
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Fig. 6 Tensile strength retention versus thermo-oxidative

ageing time at 100 °C
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Fig. 7 Elongation at break retention versus thermo-oxidative

ageing time at 100 °C
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Fig. 8 Hardness retention versus thermo-oxidative ageing time

at 100 C
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Synthesis of a Silane Coupling Agent and Its Application in Silica/NR Composites

Qi-wei Pan” , Bing-bing Wang, Ying Zhou, Jian-qing Zhao
( College of Materials Science and Engineering , Key Laboratory of Polymer Processing Engineering of the
Ministry of Education, South China University of Technology, Guangzhou 510640)

Abstract A silane coupling agent was obtained by reaction of (3-glycidyloxy-propyl) trimethoxysilane
(A187) and N-phenyl-1,4-phenylenedi-amine (PPDA). Iis structure was characterized by 'H-NMR, IR and
MS. After that, different amounts of the silane coupling agent were used to in situ modify the silica to prepare
antioxidant functionalized silica/NR composites. The processing ability, mechanical properties and
antioxidation effect of the composites were compared with those of the carbon black/NR, neat silica/NR and
bis (3-triethoxysilylpropyl) tetrasulfane (Si69) modified silica/NR composites. Cure characteristics and RPA
results showed that the viscosity, the highest torque, optimum cure time and dispersion of filler of the
antioxidant functionalized silica/NR were improved. The mechanical properties of the composites increased
with increasing amount of silane coupling agent first, and then reached a plateau. When the amount of silane
coupling agent was more than or equal to 10. 8% (wt% to silica), the tensile strength of the composites was
as high as that of carbon black/NR and Si69 modified silica/NR, which was much higher than that of neat
silica/NR. Moreover, the tear strength of the composites was higher than that of all references. After air
ageing at 100 °C for different days, the mechanical property retention of the antioxidant functionalized silica/
NR was better than that of all references with antioxidant 4020, which illustrates that the new silane coupling
agent has better ageing resistance than antioxidant 4020.

Keywords Antioxidation, Silane coupling agent, Surface modification of silica, Silica/NR composites
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