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Fig. 1 Synthesis route of LATES
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Tab. 1 Formulations of LATES-A200/NR composites phr
Sample NR A200 LATES Si69 SO/i)]A“;\g(f s 10%;2/3?55 I?OAA)ZS()I(? ’ 15%;2/?){)]58
A2005,/NR 100 30
5%LATES-A200;/NR 100 30
10%LATES-A200:/NR 100 30
A200.s/NR 100 45
5%LATES-A2004/NR 100 45
10%LATES-A200.s/NR 100 45
10%LATES/A200./NR 100 45 4.5
10%8S169-A200.s/NR 100 45
10%S169/A200./NR 100 45 4.5
15%LATES-A200./NR 100 45
A200,/NR 100 60
5%LATES-A200,/NR 100 60
10%LATES-A2004,/NR 100 60

note: all additions were calculated as mass fraction and the mass of natural rubber was set as baseline 100. Other fillers# consists of 3
phr ZnO, 2 phr SA, 2 phr antioxidant 4020 NA, 1 phr paraffin, 2.5 phr S and 1.4 phr accelerator CBS

70 °C/X B9 ho K43 B P2V CREBE U 0 2 /b
3K, T 60 °CHETF 16 h, f 2453 3| LATES 5% i 5 4%
BEEE B B R B 5%LATES-A200. 2478 LATES K
F &, [FRE J7 721 4% 10% 57 B B0k} Eb XU i 1 i 2
10%LATES-A200 F1 15% 57 & 58 b 2ot 1 ok 2
15%LATES-A200.

1.2.3 LATES-A200/NR & & ##H69%) & R E &
FHEHAEL 77 U0 Tab. 1 fros e 722 ML TR M, 1R
Wil B 2508 =0 7 B N 60 r/min. B 0K
NR F1 50% Jifi & 43 50 ) LATES- A200 JiiI A\ % & HL A
MR 2 min, 2R 5 BN 4R 50% )i £ 43 30 1) LATES-
A200 FTER R AL 3277 CBS 2 AN A /B, TR I 4
min, 5 i MABR L EF] CBS, Vi 2 min, 5 iR
H 3 I AR (T YR HLAE S mm (ISR EE R H A . R
FA A A5 B AE S AR AL AR AR TR & P B R B
W, AL IR 1% BN 150 °C, & f1 % B N 15 MPa, iy
AB 18] CToo) BTG F-IRAGACIN 22 )85 IR IR R &
¥ Bl fir 4 N m% LATES- A200,/NR, &1, m £ /x5
LATES B A0 T R B R s 4ek ;s FArn
7 LATES-A200 [P i £ . VBB, DL R FE
() 77 v 4 1 U AN [R 43 HOR 2ot A200 (AR
HHRE, fir 44 N A200/NR. AL, 38 LUR R 77 2k

% T 10%J51 & HORFEE I S169 SO Y 75 22 10%S169-
A200, 4% 7 #8045 phr 10%Si69-A200 I E &
MR 10%8169-A200,/NR . i DL L 43 78 0 R 6% 15 B
7 B 77 il 2% 7 [F IS 0 45 phr A200 F1 4.5 phr
LATES (A200 Jii &= 1] 10%) MG Z &M kL, 4N
10%LATES/A200.5/NR ; [F] I 5 Jil 45 phr A200 #11 4.5
phr Si69(A200 Jii & 1] 10%) G IR E &Mk, 4 A
10%Si69/A200,5/NR .

1.3 M5SR4

1.3.1 L5 254 9 47 : K H Nicolet is10 FT-IR Jt: %
ACCEEBR C A R BHRE A PR A B S k4 S s
FAELA, APTES, LATES J /A [] Ji & 50 R) EAS 1 1)
H ok &, Wl B #YE [ 9 400~4000 em's 2R H
AVANCE 111 HD 500MHZ #% # 3% #% 1% (1% [%] Bruker
A W] ) LATES 47 2002 #E 3L 4R ('H-NMR)
S3HT » FE i H TR DMSO ¥ 8 5 3047 40 07, JEIR AR
4500 MHz.

1.3.2  #A2 2 M Ak 47 : K H TGA 8000-Spectrum 3
(ISR A R A FD AT #ORE 4. WK
5 EEYE L D 30~ 800 °C, FH##H % 10 °C/min. T Ay
FIRE A AR5 60 °CHEAA T BBk .

1.3.3 4 4F K = 0 & : K F Q-Exactive 2 5 43
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SR EHATRI . BT 5% 2F B YR 8 HESI-IL, 1E
B, AR FE A 300 °C, B R (NL) 35
10°Pa, 4 B S (N A 10 x 10°Pa, B 14 i 2 i 1
749320 °C, 5 & 36l (m/z) 9 50~900.
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2.1 LATESBI%RIE

Fig.2(a)y LATES J M 57 £l LA #11 APTES ¥ FT-
IR i &, H: 12940 cm™', 2860 cm R Wi 4 %if S —CH,
A —CH, {8 45 45 80 5 1100 em' I X N APTES (1)
Si—O—Si AXFRAN GG IR ENIE . 1682 e JHJE T LA
) C=O fH4EIREN I , 17 1200 cm' A1 671 em' 43 51l &
LA ) C—S 4R zh i A th iz e . b Ak, LA %
Kl 2500~3300 cm ¥t ] P 5 17 #5002 1
R LA O—H AR 4a IR B IE , 1405 cm' T B ) /2
O—H 25 i HR 3 , ‘& ATTHE LATES % B i 2%, Uil
B LA R F: A 58 4 I B, 5 APTES H Bk % AL e JBE

Fig.2(b) J LATES ¥] 'H-NMR i & (500 MHz,
DMSO-dy) , ARG M F : 67.74 (¢, 1H, CONHD JH )&
+,3.74(dd,J=7.0,14.0 Hz, 6H, CH) V1 )& T b,3.59
(td,J=12.4,6.3 Hz, 1H,CH) ))& T g,3.17(2H, CH,)
)8 F ¢,2.99(dd,J=6.8,13.1 Hz,2H,CH,) |7 )& T i,
1.87~2.4 (m, 4H, CH,) H J& T h Al f, 1.34~1.51 (m,
8H,CH,) V4 )& T d,1.14(t,J=7.0 Hz,9H,CH) 3 )& T
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Fig. 2 (a) FT-IR spectra of APTES, LATES and LA; (b) 'H-NMR spectrum of LATES

a,0.52(t,J=8.6 Hz,2H,CHY) IH)& T c. H 1 57.74 4k
—CONH){Z 54 3L, tHi I LA 5 APTES B2 58
BB A S 8

[M+H]
410.1387

Relative abundance/%

L s ym/z
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Fig. 3 Mass spectrum of LATES

LATES /)5 i 45 3 (Fig.3) SR = AR 43 7 it
&N 4101387, 5 # it fH C,;H:sNO,S,SiH[M + H]
410.1777 3£ AW & . 424 FT-IR, 'H-NMR Hl MS %
TEEHE , 78 70 E B B ) & i LATES H b5 =4
2.2 LATES-A200 B93R1E

Fig.4(a) & A200 f1 LATES-A200 [ FT-IR it [ .

(a)

A200

5% LATES-A200
10% LATES-A200

15% LATES-A200

/ \
¥ 2940 2860

\
3447 1632

>1100

4000 3000 2000 1000
o/cm’™

3447 cm™ #1632 cm™ X R [ A200 2 [ O—H [
G5 AR Bh I AN PRS00 . 1100 em! XS /& A200
J7 A 1 Si—O—Si AX AR AR IR BN . 5 AR U1
A200 fH tt , LATES-A200 BH & H 31 2940 cm™ #112860
e WAL | 33X VA IR F—CHL Al—CH, 8 (1 45 IR 50
F B LATES SINHERLAE A200 % 1f . 810 cm™ AL f
VA T 46 A = N5 T B Si—O—Si B 22 48 47 Pk
3. L1100 cm™ 4b (1) W USCUEE A R A o 06, RSk Bl
b W WS g iR 5 AR AR ] DR B, B A R A R R
LATES/A200 LV AH 1) 3 /i1, 2940 em'', 2860 cm™' F1
810 om™ Kb U 5 BE 3B 14 K, R B BE 2 1) LATES %
5 F A200 1

Fig.4(b) /& A200 F1 LATES-A200 ] TGA K, 7£
30~800 °C i FE PN , A200 (19 5 &= 2 R IR/, I H
1.84%, 1 5%LATES-A200, 10%LATES-A200 £ 15%
LATES- A200 [ J5i & 41 2% 73 1 24 3.56% , 5.18% Al
6.14%. LATES-A200 [ #4E 45 2k 32 Bk 5 T He R 1)
LATES, H 4 57 H A200 R 1H #:45 1) LATES & 84>

(b) 1004
981
o\\°
S 96
——A200
5%LATES-A200
——10%LATES-A200
94+ 15%LATES-A200
0 200 400 600 800

t/c

Fig. 4 (a) FT-IR spectra and (b) TGA curves of A200 and LATES-A200
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N 1.72%,3.34%F1 4.30%. X524 RAELE it
ARG

20 —A—A200,/NR —A—A200,/NR A200,/NR
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Fig. 5 Vulcanization curves of LATES-A200/NR composites

2.3 LATES-A200/NR 8 &7 R0 4E

Fig.5 N LATES-A200/NR F5 4k i 28 , #H SS it
FEMEER FITE Tab.2 1o 253 8o, %51 30 phr A200
i, A200:0/NR , 5%LATES-A2005/NR 1 10%LATES-
A200:/NR ] Too 53 1124 20.82 min, 17.85 min £l 13.24
min. ] L, 5] NEE GG BT LATES g 1 A58 (1)
IRAGER FE , 4 50 7 AL IS 8], 3X AT g A2 HH 148 LATES
S R ) A200 3 TH AR B2 38 ek 2D, AN 2 3k 2 WP A
Bt AR, AR RS AR R 78 2 SARRIRIR A Il
5 B B Ak R A, 55 4h, M Fig.5 1 Tab.2 1]
B, FEf A2005/NR, 5% LATES- A200s/NR F1 10%
LATES-A2005/NR ] 55 22 (M — My 73 51 5 2.76

dN-m,4.26 dN-m F14.58 dN-m, 24 A200 ¥3 /il 45 phr
F160 phr B, B & A200 121552 4T, IR IR &)
(LR 22t R BB K. TR E A M
I HLRE 22 IR 1 A IR BE 1R i (1K, BB =y, 3R
PR A ) AC B AR R bk o BRI Uk, W) DLHE W
LATES MUEH T A200 K TH , 177 B RE B HE FH 4 I 1
EWERE T, 2 HT R PR & LATES A SRR BF 1 0652 1 XA
BITH, 25 TR AL A R 0 & 115
T, B A200 S EE R ER T, MRS A A R £
RIS [A] (T A T 484K, 1X 72 K LATES % A200 [#)
SCPE AT LA R ] A200 9 B R, {HEE B 10%
LATES-A2004/NR [ T 46 45, 3X A& FF it B 10 ok 2 o
P S . FE 15%LATES- A200./NR ) Too U RE
10%LATES-A200.5/NR [ K, T, B4, FH 1 22t %
B /N 3K DR DR 7 AG s AR e o A1 B0 R 1 FH Bl o A
— AN A E A R X A BB Ak e AR BB ) 4 SR ) 1
BR300 4 o A e R A ok R = A B T

Si69 VYR AL f& — Fh i FH ARG I ek Jo AR B 771
HE— 25 %} b LATES A1 Si69 20 A200 X% ik 52 & 44
BHIRACAT 9 B 520 , IR i 10%S169-A200.5/NR
Ty A 28.6 min, 1 #¢ T 10%LATES- A200.s/NR (T =
13.38 min) PBR AT [A] KIE BE ZE K, 3ot K PR A4 B 1)
Al fe 2 REUGIR 7 T8 AR LA R Tl )it
BCAS B 3G . e Ah 5 10% Si69.5- A200/NR A %5 T

Tab. 2 Vulcanization characteristics of LATES-A200/NR composites

Sample M /(AN -m) M,/(dN - m) My— M /(AN -m) Ts/min Tso/min
A2005/NR 1.84 4.6 2.76 3.02 20.82
5%LATES-A2005/NR 2.41 6.66 4.26 3.02 17.85
10%LATES-A200,/NR 2.45 7.03 4.58 3.52 13.24
A200.s/NR 4.92 11.21 6.29 1.25 20.57
5%LATES-A200./NR 6.57 13.98 7.41 2.02 18.08
10%LATES-A200.s/NR 4.54 13.08 8.54 2.76 13.38
10%LATES/A200,/NR 5.48 13.34 7.86 2.09 11.87
10%Si69-A200./NR 7.55 16.34 8.76 2.15 28.65
10%Si69/A200./NR 5.00 14.13 9.13 5.54 19.90
15%LATES-A200./NR 4.59 11.82 7.23 1.39 15.25
A2004,/NR 10.01 14.14 4.13 1.76 18.17
5%LATES-A2004/NR 9.45 16.23 6.78 3.01 16.60
10%LATES-A2004/NR 6.78 15.08 8.30 1.51 12.88
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TR TR

2025 4F

A200,5/NR 1) /7 % 1 Gt AR 15 2 238 PR 40 1) 8 WL
249, N TP HE LATES F1Si69 W5 2 &
ORI RZ A, AR SO SR F T B 30 I A A3 394 7 1)
77 2R 2 FE il , 85 SR KN A i 10%LATES/A200.s/
NR ] Ty (11.87 min) & 10% Si69- A200.5/NR ] T
(19.90 min) % , X /& HH T LATES H # bR — i 8 Lk
Si69 Hfift — it B Y e v PR Y IR R 4E R TR
PRIsHa] o [FJ B 5 10%LATES/A20045/NR [ (My—
M) 10%8i69-A200,/NR [ E A , X U5 K F- Si69 43
TR ERER S FEOH AR E K,
2.4 LATES-A200/NRIEEEE &M R M EE
LATES-A200/NR [ 3 -3 A8 1 28 . 4 4 5 5
100% , 300% 5& {81 . #7141 Fig.6 Al Tab.3 fi~. 455 %
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Fig. 6 (a) Stress-strain curves of LATES-A200/NR, and mechanical properties of (b) LATES-A200:/NR, (¢) LATES-A200.s/

NR and (d) LATES-A200,/NR
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Tab. 3 Mechanical properties of LATES-A200/NR composites

Sample Shore A hardness Tensile strength/MPa Elongation at break /%
A2005,/NR 59.4+0.6 22.6+1.8 564 £ 11
5%LATES-A200:;/NR 582+0.5 23.8+1.0 661+16
10%LATES-A200:/NR 58.6+0.9 25.0+1.0 655 +20
A200.s/NR 69.4+0.6 19.5+1.1 610+7
5%LATES-A200./NR 69.2 £0.5 20.5+1.3 597+5
10%LATES-A200./NR 68.8+0.4 25.7+1.0 629+ 14
10%LATES/A200.5/NR 68.6+0.9 24.5+0.6 621 +£8
10%8Si69-A200.s/NR 71.2+£0.4 18.0+£0.2 608 =12
10%8Si69/A200.5/NR 69.6+ 0.6 22.8+1.3 484 + 14
15%LATES-A200./NR 69.0 +0.7 21.7+1.4 516 £21
A200,/NR 82.2+0.8 13.5+0.3 514+25
5%LATES-A200s/NR 80.4+£0.9 23.2+1.1 607 + 18
10%LATES-A2004/NR 78.6 0.9 23.8+0.7 520 +30
e 44 :gig%gg-AZOO,n/NR () 41 3940
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Fig. 7 (a) Variation of G’ with strain amplitude and (b) AG’ for LATES-A200/NR composites
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Tab. 4 tan 0 of LATES-A200/NR composites at 0 °C, 60 °C and peak
Sample tan 0 @ 0 °C tan 0 @ 60 °C tan 6 @ peak
A200:/NR 0.094 0.094 0.935
5%LATES-A200:/NR 0.096 0.093 1.053
10%LATES-A2005/NR 0.07 0.065 0.998
A200.s/NR 0.091 0.111 0.656
5%LATES-A200./NR 0.091 0.087 0.795
10%LATES-A200./NR 0.082 0.07 1.124
A200,/NR 0.071 0.059 0.497
5%LATES-A2004/NR 0.075 0.067 0.566
10%LATES-A2004,/NR 0.088 0.075 0.585
phr A1 60 phr i 4952 40tk , 3iE B LATES %f A200 ()% PUBigTERE.
HERE T A200 LEAZ R HR IR 7 Pk o 1.24 AR
2.6 LATES-A200/NR 8 & PRI 12 tEAY e .
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Fig. 8 DMA curves of LATES-A200/NR composites
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Fig. 9 (a) Crosslink density and (b) bound rubber content of LATES-A200/NR composites
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Preparation and Properties of 1, 2-Dithiocyclopentane End-Capping Silane Coupling
Agent Modified Silica and Its Rubber Composite Materials

Shuo Deng'?, Linzhu Xu'?, Qingyun Zhao'?, Birong Zeng'?, Kaibin He'’, Lizong Dai'"*
(1. College of Materials, Xiamen University, Xiamen 361005, China, 2. Fujian Provincial Key Laboratory of Fire
Retardant Materials, Fujian Provincial Industry Technology Innovation Research Institute of Flame Retardant and
Fireproof Materials, Xiamen 361005, China)

ABSTRACT: In order to enhance the modification effect of silane coupling agent on silica, this paper proposed
the design and application study of a novel silane coupling agent containing dithiocyclopentane. Firstly, a new
silane coupling agent 5-(1, 2-dithiolan-3-yl)-N-(3-(triecthoxysilylpropyl)propyl)valeramide (abbreviated as LATES)
was synthesized by reacting lipoic acid and aminopropyltriethoxysilane through amidation reaction; then the
surface of silica A200 was modified by hydrolysis condensation reaction. Finally, LATES- A200/NR rubber
composites were prepared and characterized using different amounts of LATES-A200 as fillers. The results show
that LATES can effectively enhance the dispersion of silica A200 in rubber, and the 10% LATES- A200,/NR
rubber composite with 45 parts per million of additive shows the best overall performance. Compared with the
unmodified A200/NR, the tensile strength of 10% LATES-A200.s/NR rubber increases from 19.51 MPa to 25.74
MPa, and the tan ¢ at 60 °C decreases from 0.111 to 0.071, indicating a decrease in the rolling resistance of the
rubber and an increase in the content of the binding rubber and crosslinking density. Under the same treatment
method and addition amount, the effect of LATES-modified silica on performance of NR is better than that of Si69-
modified silica, which can provide a new choice of additives for the development of rubber composites for green
tires.
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