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Studies on Birefringence Effect and its Sign for Some Polymers

Satoshi Mik1 and Shuhei /(\)SAKI

Abstract

The birefringence of polymers caused by stress has to be recognized not statically but rheologically
in the course of creep. On the basis of the following definitions birefringence effect can be
reasonably understood.

“The birefringence effect”, termed generically for the birefringence caused by stress, is classified
into “the-photo-elastic-effect” for the birefringence observed at the moment of stressing and “the
retarded-photo-elastic-effect” for the component of the birefringence corresponding to retarded
elasticity under continued stress.

The phenomena of the photo-elastic- and retarded-photo-elastic-effect and these sign for some
polymers in the course of creep are studied in the temperature range from —100°C to 150°C.

For polyester copolymers the photo-elastic-effect (@) in the glassy region shows small positive
value and the maximum point of ae is observed near the glass transition region. e decreéses
remarkably in the glass transition region and its sign is reversed to negative. The absolute value
of negative a. in the rubbery region is several hundred times as large as that in the glassy region.
The phenomena of the retarded-photo-elastic-effect (ar) show the similar trend as ae with tempera-
ture. It can be considered that the birefringence behavior of polyester copolymers at each tempera-
ture is decided in the quantitative interrelation of positive and negative effects, corresponding to
glassy and rubbery elasticities respectively.

For epoxypolysulfide copolymers the sign of «. is positive over all temperature range, but as for
ar the reversal of the sign is observed. Namely the sign of a; is positive at temperatures below

the glass transition region but negative in the rubbery region.
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Table 1. Classification of polymers by the sign

of birefringence effect

Type} Qe ar Polymers (25°C)
|

1 ’ + | -+ | Epoxy resin, Phenolic resin

2 . _ | Polystyrene,
Hard polyester copolymer

3 _ 4 Polymethylmetacrylate
Hard vinyl chloride resin

4 _ | Polybutylmetacrylate,
Polyvinyl acetate
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Fig. 1 Dimensions of specimen

RHBIU T2, DX ICEDIARY < —DHEBEHTENE
OIEEUT BREGIITI1T B RGEEEIER & & —B
T24DTH 5, RELEE OB % Fig. 21CRd.,

4
A \Y

_I_

L Ci1CeFP1Qy FL; ST FL2QaPePL M

R

L : Light source S : Specimen

C1, Cz: Condensor lens T : Slit

F : Filter PL : Photographic lens
Pi1, Ps: Polarizer M : Photo-multipler

Q1, Q= : Quarter wave plate V : D C voltage
FL,, FL: : Field lens R : Recorder

Fig. 2 Arrangement of experimenra] apparatus
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Fig. 14 Creep properties of the birefringence
effect of (100-130-10) epoxypolysulfide
copolymer in high temperature region under

a constant stress ¢=0,02kg/mm2
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effect of (100-130-10)

copolymer in low temperature region under

epoxypolysulfide

a constant stress ¢-=1.0kg/mm?2

BHOMIARFITHIET 5 3O TH B, —50°C LT T
ar BEDLDTNEL LB DX DR DI E A
INELEBILDTHS S,

BERY =27 NMTEIT 5Ny ¥ B3 ZREAIEE D
WERRELR Th b, ZDIEEFNA T L - TH OETYT
BEPHRINZDICHL, =RFs 7L HEY <~
DNy ¥y RIIER 2K T 2RERTH 205 %
DRI EH ESETHIIC Y, ThidisL AE08

(A) (B)
4 T T — 40
0=1.0kg/mm?  —-—s=0.02
kg/mm2]
(Bscale.), ]
3 { 30
@ Imin.
© 30min. ]
20
§ 2 220
g
- o
3
1 110
0} 0
v/o
—1 —10

~100 —50 0 50 100

Temperature, °C
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copolymer
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