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Table 2 Rubber volume fraction and crosslinking density of NR

vulcanizates

Rubber volume Crosslinking density

Sample fraction V, V. (10 *mol/em =)
NR-CZ 0.1917 1.298
NR-TU 0. 1850 1. 198
NR-STU-1 0. 1871 1.229
NR-STU-2 0. 1791 1.114
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Table 3 The parameters of freezing point depression of solvent in

swollen vulcanizates

Depressed freezing

Sample AT=T-T,(K) FWHM
point T (°C)

NR-CZ -15.01 -17.01 6.281

NR-TU -14.63 -16.63 5.756

NR-STU-1 -13.59 -15.59 6.394

NR-STU-2 -13.26 -15.26 6.379
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Fig. 2 The DSC traces of swollen NR vulcanizates

0.08k = NR-CZ

—e—NR-TU
~—NR-STU-1

—v—NR-STU-2

0.06+

Y0.04}

Heat flow (w/g)
Exo

0.02+

22 20 18 —16 —14 —12 10 -8
Temperature (°C )

Fig. 3 The graphs of freezing point depression
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Fig. 4 The stress-strain behavior of NR vulcanizates
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Table 4 The mechanical properties of vulcanizates
300% Modulus 500% Modulus Tensile strength Elongation at Total CI
Sample
(MPa) (MPa) (MPa) break (% ) (%)
NR-CZ 2.88 +0.10 17.70 +0. 41 21.36 +1.58 520 £11 0.36
NR-TU 2.76 £0. 13 16.07 +0. 37 21.49 +1.36 534 £ 14 0.37
NR-STU-1 2.85+0.08 17.38 +0.32 25.29 +1.24 553 £10 0.38
NR-STU-2 2.75+0.07 13.16 +0. 35 24.24 +1.13 587 £11 0.35
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Fig. 5 Variation of CI of NR with different curing systems

during the stretching process
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Studies on Effects of Crosslinking Network Structure on Mechanical

Properties of Natural Rubber by Freezing Point Depression Approach

Shu-yan Yang', Zhi-xin Jia’* , Lan Liu’, Yuan-fang Luo’, De-min Jia’, Zhi-meng Liu'
(! Chemical Industrial Cleaner Production and Green Chemical R&D Center of Guang Dong Universities ,
Dongguan University of Technology, Dongguan 523808)

(* College of Materials Science and Engineering , South China University of Technology, Guangzhou 510640)

Abstract A novel testing approach , freezing point depression of solvent in the swollen vulcanizate ,is acquired
to estimate the effect of crosslinking network structure, i. e. mesh size and crosslinks dispersion, on the
mechanical properties of natural rubber vulcanizates cured by three different accelerator systems in details. No
evident discrepancy is found in the crosslinking densities of vulcanizates cured with TU or STU or CZ only,
indicating thiourea only accelerates vulcanization process and the sulfur atom of thiourea does not contribute to
the sulfur crosslinking in the matrix. Results from freezing point depression tested by DSC measurements show
that for solvent trapped within the crosslinking network of vulcanizates cured by STU its freezing point
depression is the lowest and its full width at half maximum (FWHM) is the highest among the testing samples,
indicating that the incorporation of STU facilitates the formation of a larger network mesh size and a more
heterogeneous network in the vulcanizates. Furthermore , the total crystal index ( CI) of all vulcanizates induced
by stretching is almost the same,i. e. ,the effect of total CI on the mechanical properties of vulcanizates can be
ignored. By eliminating the effect of crosslinking density and CI on the mechanical properties of vulcanizates ,
the tensile strength of vulcanizates cured by STU reaches the maximum values , which could be originated from
a larger network mesh size and a more heterogeneous network that favors the relaxation of stress and orientation
of rubber molecules and crystallization under stretching.

Keywords  Freezing point depression, Crosslinking network structure, Mechanical property, Rubber,

Crosslinking density
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