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Co-vulcanization of eucommia ulmoides gum-styrene butadiene rubber composite

system and its dynamic and static mechanical properties

DENG Linhui', YIN Dexian', XIANG Wankun', SUN Quan', DING Xiaodong?, ZHAO Xiuying
(1. Key Laboratory of Beijing City on Preparation and Processing of Novel Polymer Materials, Beijing University of
Chemical Technology, Beijing 100029, China; 2. Systems Engineering Research Institute of
China State Shipbuilding Cooperation, Beijing 100094, China)

Abstract: Eucommia ulmoides gum (EUG) was blended with styrene butadiene rubber (SBR) to prepare EUG-SBR
composites. The co-vulcanization was characterized by stripping experiments and tensile experiments, and the
effect of EUG content on the dynamic properties of the composites was studied via tensile experiment, SEM, DMA
and XRD. The results display that the prepared sulfide formula (mass ratio of accelerant N, N-dicyclohexyl-2-ben-
zothiazole sulfonamide (DZ) 1.0% (based on the mass of EUG- SBR), accelerant tetramethylthiuram disulfide
(TMTDY.1%sulfurl .5% couldachievebetterco-vulcanizatioofthewaubbersThestrippingtrengthoftheawaubberseaches
4.2 kN/m and the tensile strength (mass ratio of SBR : EUG=70 : 30) could reach 6.3 MPa. The EUG phase in the
composites mainly exists in f-crystalline form, and with the EUG content increasing, the crystallinity and melt tem-
perature of the composites are significantly improved. The introduction of EUG decreases the peak loss factor
tand,,,, value and increases the storage modulus of the composites. At temperatures of 10 C, the storage modulus of
EUG-SBR composites increases from 3.0x10° Pa (with 5% mass of EUG) to 1.7x10” Pa (with EUG of 35%). At the same

time, the presence of crystal zone plays a role of physical crosslinking points to improve the tensile strength and
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fixed elongation stress of composites.

Keywords: eucommia ulmoides gum; styrene butadiene rubber; co-vulcanization; damping; storage modulus;

crystal; percolation
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Table1 Formulations for eucommia ulmoides gum-styrene butadiene rubber (EUG-SBR) co-vulcanization research

%

Stearic acid

Accelerator

Accelerator  Accelerator Accelerator Insoluble

Formulation Raw rubber ZnO (SA) cz DZ NS TMTD sulfur ()
Formulation 1 100 4 1 0.8 - - - 1.8
Formulation 2 100 4 1 - 1 - 0.1 1.5
Formulation 3 100 4 1 - - 1 - 1.5

Notes: CZ—N-cyclohexyl-2-benzothiazole sulfonamide; DZ—N, N-dicyclohexyl-2-benzothiazole sulfonamide; NS—N-tert-butyl-2-

benzothiazole sulfonamide; TMTD—Tetramethylthiuram disulfide.
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Fig.1 Vulcanization curves of different formula EUG-SBR composites
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Fig.2 Peeling force-displacement curves of different

formula EUG-SBR composites
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Table 2 Peel strength of different formula EUG-SBR

composites
Formulation  Average peel force/N Peel strength/(kN-m™')
Formulation1 41 1.6
Formulation2 104 4.2
Formulation3 57 2.3
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Fig.3 Stress-strain curves of different formula EUG-SBR composites
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Table 3 Mechanical properties of different formula EUG-SBR composites
Formulation Tensile strength/MPa  Elongation at break/%  Stress at 100%/MPa  Stress at 300%/MPa  Hardness (Shore A)
Formulation1 2.9 383 1.3 2.0 51
Formulation2 6.2 416 1.7 3.2 60
Formulation3 5.1 429 1.6 2.8 58
/L, JLP AR RR, WA LA F, LUGSBR
24 EUG 7 4 15% M LTI, BUGE) AH Z 8] Y B T 4sC 0:100
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—60 —40 -20 0 20 40 60 80

((a)-(d)) EUG-SBR mass ratios of 5 : 95,15 : 85,25 : 75and 35 : 65
¥4 EUG-SBR & & #1EHY AFM X5 it

Fig.4 AFM logarithmic modulus of EUG-SBR composites
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Fig.5 DSC curves of EUG-SBR composites

g T i — 43 B EUG-SBR & & b B 45 & v
fit, XAl AC H EUG-SBR & & A K 4T T
XRD E3& 81, il 6 . vl LLEF], BUG i
o 25% W), XRD KIS TE 18.7°H1 22.7°f 3 1 9
AN 25 S AT 06, ELBE S BUG & & 59 A W i,
EUG-SBR & & b1 R 14 45 i 117 565 105 1 U ik 30 37 344 o
X XRD K o 4G, AT LA B =
MR g, X, X Mg, L LA
Shy &t AT S A AT G E Y X A T AR, AL SR AN 4
FiR o
X. = le s 100% 1)

I.+1,

5 %) SCHk [23-25] AT 1, BUG 7E 18.7°(%F . i
I [ #E 24 0.47 nm, T [A]) A1 22.7°(0.39 nm) B 3T 11
W4 Hy B- T4 FhIGEFY (120) 1 (200) fbifi, 26.6°(0.33nm)
B 3T A I A - TR 445 UG 11 (210) A TAT o o U 245 4t 0
(20=26.6°) 7E K] 6 K3 A & 3, £ W EUG-
SBR & & M K 1) EUG 41 4> BE % A= i £ B i FiY
BIER A, MHREAR AR P24 o R A ER fh o o Bl
T 2F AR R Y SR AR, T B T A AR A A




XSt 1,55

FEARRRURE - T3 AG 52 5 TR 2R B0 L A B I Bl e 2 0 24 e

- 5897 -

EUG 7828 {25 dt st B2 vy, B Al 280 7 A58 B 1 1% 3 3
R ERS R IR H, Yo #4145 SBR
A E BUGE # & i e X1, 4-R 5k 2
(TPL) 5, ARSI A o SR A% A o S A% 2
KRG 0 R Y & B s AR Bk, A
T AR i il % i) EUG-SBR & & #4 K th EUG EZ LU B
A R Y A AE

EUG/SBR
100:0
2
§7 35:65
=)
g
= 25:75
15:85
0:100
5 10 15 20 25 30
26/(°)
{16 EUG-SBR A #PEHIY XRD &%
Fig.6 XRD patterns of EUG-SBR composites
%4 EUG-SBR E5#HNERE X,
Table 4 Crystallinity X, of EUG-SBR composites
EUG/SBR mass ratio X /%
0:100 0.00
5:95 0.00
15 : 85 1.43
25:75 5.33
35:65 7.49
100 : 0 31.12
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Fig.7 Dynamic thermal mechanical analysis (DMA) spectra of EUG-SBR
composites: (a) Storage modulus-temperature curves; (b) Loss factor-

temperature curves
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Fig.8 Stress-strain curves of EUG-SBR composites
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Table 5 Mechanical properties of EUG-SBR composites with different EUG contents

EUG/SBRmassratio Tensile strength/MPa Elongation at break/% Stress at 100%/MPa  Stress at 300%/MPa Hardness (Shore A)

0: 100 2.2 413 0.9 15 a1
5:95 2.2 389 0.9 15 42
15 : 85 2.6 408 10 16 a4
25:75 5.2 164 14 23 54
35 : 65 9.1 480 1.8 3.3 61
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