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Table 1 NlIs XPS detailed results of the pure NBR and coordinated NBR DSC NBR
Salt content T 4
0 10 20 30 &
phr Cuso, NBR T,
Center eV 399.2 — 399.3 401.2 399.4 401.3 399.3 401.2
9.4 56 90.5 9.5 80.2 19.8 CuSO,

AT % 100 O

CuS0,
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Fig. 3 The temperature dependence of tand for pure NBR

and coordinated NBR with different CuSO, contents

Table 2 The swelling properties of NBR materials 23°C 168 h

Run 1 2 3 4 5

NBR  phr 100 100 100 100 100
CuSOy salt phr 0 5 10 15 20
Dissolved® N/ N N N N/
Dissolved” N X X X X

v x 10* mol/cm’ 0 0.40 0.8l 1.2 1.9
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Fig. 4  The glass transition temperature for pure NBR and

coordinated NBR with different CuSO, contents
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Table 3 Mechanical properties for pure NBR and coordinated NBR with

different CuSO, contents

Run 1 2 3 4 5 6
NBR phr 100 100 100 100 100 100
CuSOy salt phr 0 5 10 15 20 30

Tensile strength MPa 1.9 15.9 28.0 31.7 38.0 45.2
Elongation at break % 1873 662 487 378 44 32
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Fig. 5  The stress-strain curves for pure NBR and coordinated

NBR with different CuSO, contents
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Fig. 6 The TGA curves for pure NBR and coordinated
NBR with 10 phr CuSO,
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Fig. 7 The SEM micrographs for NBR compounds with 20 phr CuSO, content
a CuSO;/NBR before heat pressing b CuSO,/NBR after heat pressing

Table 4 The energy dispersive X-ray spectrum EDX analysis for both CuSO,
phases of CuSO4/NBR in SEM
Dispersed Matrix Dispersed Matrix
Element phase® phase® phase® phase”
wh o o " XPS DMA  DSC
C 2.85 75.25 9.8 56.24 CuSO,/NBR
29.24 7.57 31.07 13.49 CuS0, CuS0, NBR
S 19.32 5.12 17.22 6.47
Cu 48.59 8.06 41.88 13.20
“ Before heat pressing ” After heat pressing ’
CuSO0, CuSO,/NBR
SEM EDX CuSO,
NBR CuSO,
CuSO, . NBR
- . CuS0, NBR
. SEM  EDX NBR
NBR CuS0, NBR
CuSO, CuSO,/NBR

CuSO, NBR



276 2007

REFERENCES
1 Shim J S Asthana S Omura N Kennedy J P.J Polym Sci Part A Polym Chem 1998 36 17 2997 ~ 3012
2 Shim J S Kennedy J P.J Polym Sci Part A Polym Chem 1999 37 6 815~ 824
3 Schénherr H Wiyatno W Pople J Frank C W Fuller G G Gast A P Waymouth R M. Macromolecules 2002 35 7 2654 ~ 2666
4 Ibarra L Alzorriz M. J Appl Polym Sci 2002 84 3 605 ~ 615
5 Ibarra L Alzorriz M. J Appl Polym Sci 2003 87 5 805 ~ 813
6 Mandal U K. Polym Interna 2000 49 12 1653 ~ 1657
7  Chino K Ashiura M. Macromolecules 2001 34 26 9201 ~ 9204
8  Riegel I C Samios D Petzhold C L. Eisenberg A.Polymer 2003 44 7 2117 ~2128
9  Lysenko E A Bronich T K Slonkina E V Eisenberg A Kabanov V' A Kabanov A V. Macromolecules 2002 35 16 6344 ~ 6350
10 Kato ST Takagi K Suzuki K Kinoshita T Yuki Y.]J Polym Sci Part A Polym Chem 2004 42 11 2631 ~ 2639
11 Tang Jieyuan Zhang Wengong . Acta Polym Sin 2002 4 479 ~486
12 Wang Aigin Zhou Jinfang Yu Xianda . Acta Polym Sin 2000 6 688~ 691
13 Li Hui Wu Chifei Zhang Xiliang Yuan Xiaofang Huang Jianfeng Shen Fei Xiao Fangyi
. Chinese patent 1583856 .2004-06-09
14 Li Huw Shen Fei Wu Chifei . Chem J Chinese Universities 2005 26 2 370 ~372

15 Shen F Li H Wu C F.J Polym Sci Part B Polym Phys 2006 44 2 378 ~ 386
16 Flory P J Rehner J.J Chem Phys 1943 11 512 ~ 515

EFFECT OF COPPER SULFATE CONTENT ON COORDINATION
CROSSLINKING REACTION BETWEEN COPPER SULFATE AND
ACRYLONITRILE-BUTADIENE RUBBER

YUAN Xiaofang WU Guozhang WU Chifei

Polymer Alloy Laboratory — School of Materials Science and Engineering
East China University of Science and Technology ~ Shanghai 200237

Abstract A novel approach to in situ crosslinking of copper sulfate CuSO, /acrylonitrile-butadiene rubber

NBR  between nitrile groups —CN  of NBR and copper ions Cu’*  of CuSO, was developed. The coordination
crosslinking reaction is influenced by many factors such as the temperature and the time of heat pressing the —CN
content in NBR the crystal water of metal salts addition of the plasticizer and etc . The effect of the CuSO, content
on the coordination crosslinking reaction was investigated using X-ray photoelectron spectroscopy XPS  dynamic
mechanical analysis DMA  differential scanning calorimetry DSC  equilibrium swelling method and tensile tests.
The results show that the extent of coordination crosslinking reaction between CuSO, and NBR increases with the rise
of CuSO, content. The coordination crosslinked NBR exhibits distinguishing mechanical behavior with increasing the
CuSO, content from a typical rubber to a ductile and finally to a brittle plastics. Moreover the scanning electron
microscope SEM and energy dispersive X-ray spectrum EDX results suggested that the coordination crosslinking
occurs on the surface of the CuSO, particles and the CuSO, particles not only act as the crosslinking agents but also
the reinforcing inorganic filler in the matrix. These are the essential reasons why the coordination crosslinked CuSO,/
NBR exhibits the special and excellent mechanical properties.

Key words Coordination reaction Crosslinking Acrylonitrile-butadiene rubber Copper sulfate





