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1.1 SEISERANLEE

FARIGIE IR A S 17, = ra A B B4 A5 BR 2 ) 5
FEAPIRE , LI AR DL At P A 4 TREA BR S 7] s 48 fE R
SRAGIE , IR N 25% , v EI BT AR Bh 2 Bt 5 52 B
iy AO-80, H A Asahi Denka 2y ) ; HoAth A5 1 B 57 £
T

160X320 FUFFHRHL, ) JH 7T A5 S8 AL i s 2

F); XLB D BUAR - A i A AL, - A e LA il i
J7sM=3000A 2 TC 5+t Ak il 1A AT -7000S1 #!
] 1R 5 B 73 g B, e A DA 2 A B 4
DMA1 BIZHZ AL 3 AL (DMA) [ 204F1 A1 27K
S3AT AL (DSC) , S A R ) 4 R 2 4 ]
S—-4800 RI¥& 3 K& ST 4 L+ 0 B BE (SEM ) |
H-9500 %1 Ji {37 P 55 5 5 1L 1 0 8 BE ( TEM ), H AR
Hitachi 2% #); D8 ADVANCE % X 5} £k 117 5 1%
(XRD) , EE G5 H]
1.2 RABR/IEMEE & REH &

RHET L HAMREAMERE T ingk 1
TN o BURTFHEMLIGR B 1 B 70 CJ, Jef EUG 5
NR 7E AL ESEATIR R, SR 5 INA ENR #F— 2018
ro IRBRI TR AR A AL EE (Zn0) 5 58 5 R
(SA) , FHINASEZE R SP-1068 52 BH I AO-80,
B J5 0 A 57 4010NA 542357 CZ, FeJm A SR
BEEATIR R . FHR BRI 2 AT AT 45 3 e, B i
BEYEHE K 2 ~3 mm FEH A,

K1 RGBSR BT

Table 1  Formulation of the natural rubber/ Eucommia ulmoides gum composites

A %
R 42 55

NR EUG ENR  A0-80  ZnO SA SP-1068 4010NA  CZ B
90/10/25/20 90 10 25 20 4 2 4 2 1.2 2.5
80/20/25/20 80 20 25 20 4 2 4 2 1.2 2.5
70/30/25/20 70 30 25 20 4 2 4 2 1.2 2.5
60/40/25/20 60 40 25 20 4 2 4 2 1.2 2.5
50/50/25/20 50 50 25 20 4 2 4 2 1.2 2.5
WAL T PRI T 24 h 5 78 SRS T 2t Re A 5 IR 2 20 mm x

SERRBRALHL E R 143 °C X 1y, (10 M FRALALIIS A
IEGALET R 4T 6 AE , 15 BAS [ BC LY NR/EUG/
ENR/AO-80 & & # K, 433l i 2 4 90/10/25/20
80,/20/25/20 , 70/30/25/20 . 60/40/25/20 . 50/50/
25/20, B A MR T3R8 NR EUG \ENR |
AO-80 [T %k,
1.3 Wik 53R

BRALREE R T oAU AGRIERE 5 B AL
Rt TR T N A 24 h S RRECS g, DR
JiE 4 143 °C.,

Ji2EVERE IR GB/T 528—2009 , 3% Tl ik 45
iIEDAAREE eI RILNE W=Rew B SN OE A LY RS
& 12E kAR,

A TIENERE SRS PAUR T

2 mm x 6 mm, 5 IR TEE D - 80 ~ 80 C , Tl i
JER 3 C/min, PHASHEN 1 Hz, W48 K 0.3% , i
fiffi=,

PbERE  RAZ RO E & RN
PERE , ZUSORY R THBR AT s 5 TR IR 2 - 80 C
FERIE S min, 285 L4 10 °C/min BYEETHEZE 80 °C,
ICSETHR N

THOWZEAE 43 IR P44l i~ Sk e R v 34
B2 155 S L B BB UL R A ) W v T SRR 75 40
A7, R ARE 76 W U W 5 22t 4 b B 35 55
MR LR TR R A B

SEERRRME SR X S AT SOOI & A A R
(25 S RFIE , CuKad &5 (A =0. 154 056 nm) , 34
FEFE N 3(°)/min, LA 5° ~30°,
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2.1 Wik4EHE

FE 143 °C IR M I ) B A R 1 45 T AL
SHNE 2 Ui, ATLVE W, BEE UG & &
Jn AN TR)AC LU VR MR I 1 £ e8] ¢, 5 IEBRAL S ] 2403
BTN TR N T2 Ve AR 22 IR IR 1Y
AL, BEE EUG & poBan , IR % i 41
i 250 W K UL 2 G A B S IR B TS
eI EUG B9 A T LA 2IE SR Ak 4V F , £ f H:
PR R A A 22 10 A2 BB IR0 4%, DA T 36 B g A Bk o8
K,

#2 AFE L NR/EUG/ENR/AO-80 & &+ HRHK
BALRHES R
Table 2 Vulcanization characteristic parameters of the

NR/EUG/ENR/AO-80 composites with

different ratios

.y R, /MR, I 2E/ tyo/ tog/
HH

(dNem)  (dNem) (dN-m) min  min
90/10/25/20 2.71 0.44 2.27 8.73 14.83
80/20/25/20 2.76 0.43 2.33 7.98 14.18
70/30/25/20 2.90 0.39 2.51 7.78 14.13
60/40/25/20  2.97 0.38 2.59  7.46 13.53
50/50/25/20 3.06 0.40 2. 66 7.13  13.20

2.2 S1EFEiERE

K1 JAEB L NR/EUG/ENR/AO -80 & 4
MR SR A I 2k, % 3 MR AR 124
Bl W1 AT BEE EUG & ERYRN, N 1

A i e A S ) BRI G  Fr K R TR AR
VLTSS PR SRR B T T 2%, JF 1f 3 90 11 90
P, X 5E A MBS A 2 A C, BiE EUG &
SR, &AM R HEWT K A ETE 2450 i 5 1
JIE 28 3 4 R, HE P Ik R R R AR T N 16% 18 K )
36% , #iZdom M 23 kN/m 4K F] 29 kN/m, A A 1
JEM 46 18K 2] 60, i RZBEE EUG 45 i Al &5 4 1Y
W2  PORME EESE N, Hr 08 5 AR R BRI, [ B A1
BEFR EUG 45 AR (9 72 726 A R T 42 = b R i 5 22
SREE . ANRIEC A A AR T PR RE R L 5,
1 F14¢ 3 Al 50, Bl EUG & B A B4 I, i
M 18.1 MPa 3 K & 23.2 MPa, WM& | 100% 5
300% 7 {1 ) 5 BB i K ik # [Rle &2 A
OBHEAR N 22 (100% ) B i 3% 90 H3 AR 2 g A9 4R 1k
VLA A M REEAT R AT 20k T DA AR5 D84k
AT TR P R

25
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i 7 17 2% h 2
Fig.1 Stress —strain curves of the NR/EUG/ENR/A0O-80

composites with different ratios

%3 RIFEIK L NR/EUG/ENR/AO-80 & &1k J12- Bk
Table 3 Mechanical properties of the NR/EUG/ENR/AO-80 composites with different ratios

b hrfip AL} 100% & {# 300% 7E fif HEWTA A Wisdsm s/ A

" B/ MPa KR/ % 1% 1/ MPa 3 1/ MPa A/ % (KN-m~") T
90/10/25/20 18.1+0.8 603 +18 1.0£0. 1 3.120.1 16 £0.8 2322 46
80/20/25/20 20,611 5815 1.2£0.1 3.720.1 20 0.6 25 %1 49
70/30/25/20 22,4524 584 £22 1.220.1 3.620.1 21£0.9 26+2 50
60/40/25/20 2.6+1.1 574 +8 1.2£0.1 3.720.1 35£0.5 27 +3 52
50/50/25/20 23.2+1.1 556 + 14 1.6£0. 1 5.2+0.1 36 £0.6 2922 60

2.3 HEEsE
AFBC . NR/EUG/ENR/AO - 80 24 #1 K

DSC AL RANE 2 fFron ., ol LUR A MR
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EERSE X A MR TR AN K, SCHk AT

g

I ENR25 1) T, 24 —45 ¢, DSC ik %A Bt
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Fig.2 DSC curves of the NR/EUG/ENR/AO-80

composites with different ratios
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Fig.3 XRD patterns of the NR/EUG/ENR/A0O-80

composites with different ratios
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FHJCTRIE, XY EUG 1Y Tt 45 55k 40 17 B 52 & 44k
HARKRAIFEIE(E (0.91) . 24 EUG Byl = %k
50 By AT RE NI EUG &5 SRR 3 2 ik B ok, Y
W THERY I8 Bl A7 3 B AT, BEAIR T IR R A
FE, RBUNBLEHERE R R

%4 AL NR/EUG/ENR/AO-80 H &
R PO e
Table 4 Dynamic mechanical properties of the
NR/EUG/ENR/AO-80 composites with

different ratios

I 1 2
B and tand W&{H s tand V&H  tand >0.3

. Xof IO Y e Xof IO F) Xof O FY

TRLEE/C WEE/C WRE/C
90/10/25/20 0.77 -55.9 0.62 21.6 12.3~36.5
80/20/25/20 0.75 -55.5 0.59 20.5 11.4 ~35.6
70/30/25/20 0.58 -55.5 0.67 21.4 11.5~35.6
60/40/25/20 0. 35 -58.4 0.91 22.1 13.6 ~35.5
50/50/25/20 0.35 -55.1 0.61 19.8 10.9 ~31.2

HIE 4 (b) g RER - R T LR &
AR AE AR B & AR T PRI EE A 43 N A
ORI B B AL B S 5 BUG AR a0k e 1
-80 ~80 C N, K% EUG &H MBI, ik L84
MR f BEAR fE i 2 5, I EUG 45 f A Y 18
Ik, BT D 6 EUG B & 53 2 G Ak

(a) 90/10/25/20

ARG RERS IR EA TR . 78 25 °CF , 2 AR Rk g
Bt EUG Bt 340k 10 3B 2.7 x 10° Pa 42
T3 EUG R B0 40 3 1.4 x 107 Pa, It
A T DX I P B A R R T EUG dl iR R A=
AL, WS A MR R, R E AR
(14 i BB AR o R TR/ N

2.5 MG

K5 J AR [RIE b NR/EUG/ENR/AO -80 & &
MR TR Z M W R R S SEM B, & S v LA
W BE EUG SR AN, EUG 145 &R R ~F &
BE, I 32 W0 AH B Y AROIR Y < 3 B2 1L R 2
¥ ZRINA S ARk 1 T T S RS ' T R R
5, (A B A o B A 2 2 B4, JR IR ENR
AR 3% T EUG 5 NR Z A, B S
A A2 BB AO - 80 By SR JF A 2
AO -80S I3/ T WL T B Mok 40 9 43 17K °F
G- G o 1 vl P L E O e R R s AN e g
EYLE > THERIBR 2 s RE Y X ikt T i T
WA R 300 A RAEFLEREHT LA B S Mg
Z R 1) 7]

Kl 6 JAIRIEC [k NR/EUG/ENR/AO -80 & &
FEHY TEM B, A E 6 A UL, 24 EUG 9 5T & 1 %X
130 At AR B B a5 Hidig
X3 32k NR 41800 “ i M1, EUG iy

“ 8. 24 EUG § Tt G} K E 40 3t 4HC
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K5 A NR/EUG/ENR/AO-80 & &1k Wi T SEM &l
Fig.5 SEM images of fracture surfaces of the NR/EUG/ENR/AO-80 composites with different ratios
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Fig.6 TEM images of the NR/EUG/ENR/A0-80

composites with different ratios
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Preparation and damping properties of natural rubber/
Eucommia ulmoides gum composites

ZHAO JinZhi' SU Lin> HUANG YongQiang® CHEN Zhi' YIN DeXian' WU WeiDong'
ZHAO XiuYing' " LIU Li'

(1. Key Laboratory of Beijing City on Preparation and Processing of Novel Polymer Materials, Beijing University of
Chemical Technology, Beijing 100029 ;
2. Systems Engineering Research Institute of China State Shipbuilding Cooperation, Beijing 100094, China)

Abstract: NR/EUG/ENR/AO-80 composites have been prepared by introducing Eucommia ulmoides gum (EUG )
into natural rubber (NR) and using epoxidized natural rubber ( ENR)/hindered phenol AO —80 ( mass ratio of
25:20) as the damping phase. The vulcanization characteristics, mechanical properties, crystallization properties
and dynamic mechanical properties of the composites were measured. The results show that the composites have a
high loss factor in the normal temperature range and a wide damping temperature range. The composite showed the
maximum loss factor peak when the mass ratio of NR to EUG was 60:40. The storage modulus of the composites in
the normal temperature range increased gradually with increasing EUG content. The glass transition temperature of
the composites appeared near —60 °C. With the increasing EUG content, the melting peak of EUG crystals began
to appear in the composites, and the crystallinity and melting temperature gradually increased. Scanning electron
microscopy (SEM) showed that the cross-section of the composite was relatively flat, and that ENR improved the
compatibility of the two phases. Transmission electron microscopy (TEM) showed that there was a clear boundary
between NR and EUG phases. The composites exhibit high flexibility under low strain, and have high tensile
strength and elongation at break.

Key words: Fucommia ulmoides gum; natural rubber; composites; damping properties
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