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Abstract: In the textbook of Polymer Physics, “rubber elasticity” is an important chapter linking the statistics
of conformation of long-chain macromolecules and mechanical behaviors of polymer materials. In the current

J

textbooks, rubber elasticity is introduced following the Rehner-Flory “four chains” model to present conforma-
tional entropy and contraction force of network of Gaussian chains by formulating entropy of single Gaussian
chain in the first step and summing entropies of all Gaussian chains under assumption of affine deformation un-
der constant volume in the second step. In general, the approximations and academic disputes involving the
modellization are not referred to. Under the prevailing teaching practice, some students may believe that vulcan-
izates behave like network of Gaussian chains and some technicians may try to develop the so-called reversibly
deformable flexible electronics by designing the so-called ideal network structure. Here reviewed are the mode-
llization of network of Gaussian chains and the involved theories, approximations and disputes, aiming to point
out that the network of Gaussian chains is only a model concepted under many assumptions and that the model
cannot be used to describe the structure of vulcanizates.
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tional entropy
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A random molecular path involving v seg-
ments passing through a network of length /. Circles
denote vulcanization bridges possibly linking together
four network chains (To avoid confusion side links are

not shown).
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Figure 3 (a) Softening and hysteretic recovery of natural rubber vulcanizates under cyclic tensions™™ ; (b)

Stress (¢) as a function of drawn ratio (a) at 20 “C for natural rubber vulcanized by 8 phr sulfur®’. The red

and blue curves exhibiting marked and ignorable hysteretic loops are shifted vertically. The thin curve fitting

the measured data (circles) is drawn according Eq. (6).
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Figure 4 Deviation of natural rubber vulcanizates from the Gaussian network model. (a) Reduced stress vy /(a—a™®)
against reciprocal draw ration 1/a for decane-swollen vulcanizates™ ; (b) Reduced stress-temperature coefficient
60 /[ T(a —a ?)] against 1/a for toluene-swollen vulcanizates™; (¢) Reduced stress 6/(a —a ) against 1/a for dry
vulcanizates cured in n-decane. decalin and o-dichlorobenzene™*™ ; (d) Parameter C, as a function of shear modulus C, for
dry vulcanizates cured in solution and melt and re-swollen dry vulcanizates cured in solution™ *?. Shown in (a) and (b)
near the lines are volume fraction of rubber ( v,). In (a), inset shows C, and C, for two vulcanizates of different
crosslinking densities. In (d), large symbols show data at 25 ‘C for slightly masticated rubbers and small symbols are

data at 0, 25 and 45 “C for heavily masticated rubbers. In (d), data for vulcanizates cured in solution and melt are col-

lected by Allen, et al."™ and Price, et al.", respectively.
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