


766 J. L. WHITE

The structure order of crystalline polymers in ranges of dimension of 50-200 Angstrom units
has received considerable attention in the literature. Extensive research largely carried

out with small x-ray scattering (SAXS) andtransmission electron microscopy (TEM) coupled
with observations of polymer single crystals (10) have led to the view that bulk crystallized
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These orientation factors reduce to the case of uniaxial orientation when

a2 3
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Vinogradov, Isayev and Podoisky (43); and Arai and his team (44).

The researchers in these studies have not sought to interpret birefringence in terms of
molecular orientation but rather as stresses using the Rheo-Optical Law which may be stated

(38-46):

(trn)I+CP
(9)

n.n.=C(G.-a.)
1 3 1 J

where c is the total stress tensor and, the deviatoric stress tensor. Equation (8) is the
same ? the relation used in classical photoelastic stress analysis by engineers to determine
stress fields in solids. Its validity for flowing polymer melts was first proposed by Lodge
(_) on the basis of considerations of the characteristics of flexible chain networks of
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Studies of on-line birefringence for polypropylene and polybutene-1 which exhibit spinline
crystallization generally show a gradually increasing birefringence proportional (57) to the
stress followed by an abrupt increase in birefringence where crystallization occur This
rise may be interpreted using the expression of Hermans et al. (13) (compare Stein and Norris

(::)) for the birefringence of a partially crystalline polymer

An12 = X
c cryst Acryst + (1 - X) f amorph A°h + Anform (12)
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Fig. 5

Keller-1'lachin row structure (cylindrite model) for strictly uniaxial samples.

Birefringence of polystyrene films as a function of applied stresses at
vitrification for tubular film extension. Comparison with Oda, White and
Clark correlation.
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White and Agarwal (34) have sought to compare their measured birefringence distributions to
predictions of the frozen-in orientation hypothesis for polystyrene bottles. Transverse
orientation is determined by inflation pressure. fiachine direction orientation is determined
by gravity. For an annular cylinder the birefringence would be predicted to be

An = C *E parison radius = R
23 parison thickness = h

parison length = L (17)

An13 = CpgL ransverse
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