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Relation between the Compression Yield 
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Bisphenol-A-Polycarbonate in the (3 
Transition Range 
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Institut des Matériaux, Université Libre de Bruxelles, Belgium 

The compression yield behaviour of polycarbonate, at constant strain-rate, over a wide 
range of températures, is described by the Ree-Eyring theory of non-Newtonian viscosity 
linked with a treatment which takes into account a distribution function of activation 
énergies. 

The proposed yield mechanism relies on the assumption that the ^ process considered 
in the Ree-Eyring theory and the loss peak revealed by oscillatory measurements are 
related to the same molecular movements. 

A relation is given between the j8 transition conditions in yield measurements and in 
damping tests; its validity is checked. 

The broadness and the shape of the /S loss peak are correlated with a spectrum of 
activation énergies. 

The compression yield-stress curve, giving the yield stress versus température at 
constant strain-rate, is computed from the measurements of the loss tangent, as a function 
of température, at the frequency corresponding to the strain-rate and is found to fit the 
data fairly well. 

1. I n t r o d u c t i o n 
P o l y c a r b o n a t e possesses a low t e m p é r a t u r e 
s econda ry t r a n s i t i o n w h i c h has been revealed by 
misce l l aneous t e c h n i q u e s s u c h as nuc lea r mag
net ic r é sonance , d ie lec t r ic a n d mechan ica l losses, 
shea r c r eep a n d stress r e l axa t ion . T h e expéri
men ta l resul t s o b t a i n e d by d i f férent m e t h o d s are 
reviewed in t he p a p e r by Loca t i a n d Tobo l sky [1 ]. 

It is t he p u r p o s e of t he p résen t p a p e r t o show 
t h a t t he s tudy of t he yield stress of p o l y c a r b o n a t e 
o v e r a w ide r a n g e of t e m p é r a t u r e s a n d s t ra in
rates , is a l so of use in revea l ing t he s econda ry 
t r ans i t ion . 

In o u r l a b o r a t o r y , it was previous ly p r o p o s e d 
[2] t o desc r ibe t h e yield b e h a v i o u r of glassy 
no ivmer s by the R e e  E y r i n g mod i f i ca t i on of the 

Jewtonian viscosi ty t h e o r y [3]. It is 
t /Ê ised t h a t t w o ra te processes , d e n o t e d a a n d 
' I e invo lved in t he d é f o r m a t i o n a t yield. 

* . •« / j j \.' t w o processes a r e cha rac te r i sed by a 
^ a n t a c t i v a t i o n energy . T h e value of the 

. i t i o n energy r e l a t ed t o the ^ process , f o u n d 
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by th i s m e t h o d , for at least five g lassy p o l y m e r s , 
agrées qu i t e well with t he va lue a s s o c i a t e d w i t h 
the s e c o n d a r y t rans i t ion r e p o r t e d f r o m o t h e r 
types of measu remen t s [46]. T h i s f ac t sugges ts 
t h a t t h e molecu la r m o v e m e n t s a r e t h e s a m e in 
b o t h cases . 

W e i n t e n d here t o s h o w the c o r r é l a t i o n 
be tween the shape of t he m e c h a n i c a l loss p e a k 
o b s e r v e d in d a m p i n g tests , a t l ow t e m p é r a t u r e s 
f o r p o l y c a r b o n a t e , a n d the c o m p r e s s i o n yield 
stress cu rve giving the va lue of t h e yield s t ress as 
a f u n c t i o n of t empé ra tu r e a t c o n s t a n t s t r a in  r a t e . 
W e h a v e previously p r o p o s e d s u c h a c o r r é l a t i o n 
fo r P V C [7]. We w a n t n o w t o give a m o r e 
a c c u r a t e theore t ica l t r e a t m e n t a n d to c h e c k the 
val idi ty of t h e result ing re l a t ions u s ing the /S 
t r ans i t i on cond i t ions of p o l y c a r b o n a t e . 

I n th is invest igat ion a n a t t e m p t h a s b e e n m a d e 
to l ink toge the r the Ree Eyr ing t h e o r y w h i c h is 
use fu l t o descr ibe the c o m p r e s s i o n yield b e h a v i o u r 
a t c o n s t a n t s t ra inra te over a w ide r a n g e of 
t e m p é r a t u r e s , a n d the inf luence of a d i s t r i b u t i o n 
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Figure 1 Plot of ttie engineering yleld stress In uniaxial compression \a^\ and In tensile tests cr, versus tempéra-
ture at a constant straln-rate f = 4.16 x 10" ' s ec " ' . The curves are generated from équations 1 and 2 usIng the 
constants given In table I. 

o f a c t i v a t i o n énergies wh ic h a l lows o n e t o o b t a i n 
a m o r e a c c u r a t e co r ré l a t ion in t he j8 t r a n s i t i o n 

r ég ion . 

2. E x p é r i m e n t a l 

T h e tens i le a n d uniax ia l c o m p r e s s i o n d a t a a r e 

t a k e n f r o m p rev ious results o b t a i n e d i n o u r 

l a b o r a t o r y [6]. T h e eng inee r ing yield stresses, 

t a k e n as t h e first m a x i m u m of t he s t ress - s t ra in 

c u r v e d iv ided by the ini t ia l c ross - sec t ion o f t he 

spéc imen , a r e p lo t t ed versus t e m p é r a t u r e i n 

fig. 1. Ai l t he tests were p e r f o r m e d at t h e s a m e 

s t r a i n - r a t e : é = 4.16 x 1 0 - ^ s e c - \ 

A t th i s s t ra in - ra te , we k n e w t h a t t he j8 

t r a n s i t i o n of p o l y c a r b o n a t e is l oca t ed a t a b o u t 

- 8 0 ° C [6]. O n the o t h e r h a n d , t he loss t a n g e n t 

p e a k , m e a s u r e d a t 1 cps r eaches its m a x i m u m 
va lue a t a b o u t - 100°C [1 ]. W e d e c i d e d t h e n to 

p e r f o r m d a m p i n g tests a r o u n d 1 cps in o r d e r t o 

reveal t he jS t r ans i t i on in t he s a m e t e m p é r a t u r e 

r a n g e as in tensi le a n d c o m p r e s s i o n tests . 
T h e d a m p i n g tests were p e r f o r m e d us ing a 

f ree -osc i l l a t ion to rs iona l p e n d u l u m o p e r a t i n g 
w i t h s a m p l e s hav ing d i m e n s i o n s of 11 x 1.5 x 

0 .2 c m ^ 
T h e s ample s were eu t f r o m the s a m e p l a t e of 

p o l y c a r b o n a t e ( M a k r o l o n , Bayer ) as t h e tensi le 
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a n d compres s ion spéc imens . 
T h e p e n d u l u m was set a t r o o m t e m p é r a t u r e a t 

t w o d i f férent f r equenc ie s a r o u n d 1 c p s ; 0 .455 
a n d 2.08 cps. T h e n , in b o t h cases , t h e a p p a r a t u s 

was p laced in a n e n v i r o n m e n t a l c h a m b e r a n d t h e 

loss t angen t was m e a s u r e d as a f u n c t i o n o f 
t e m p é r a t u r e f r o m — 160 to — 20° C . 

T h e d a t a are r e p o r t e d in fig. 2 w h e r e it is seen 

t h a t in b o t h cases t he s h a p e of t he p e a k a n d t h e 

m a x i m u m value of the loss t a n g e n t a r e nea r ly t h e 

same. 

3. T h e o r e t i c a l C o n s i d é r a t i o n s 

T h e curves of fig. 1 a re t a k e n f r o m a p r e v i o u s 

p a p e r [6]. They were g e n e r a t e d us ing t h e 

fo l iowing é q u a t i o n s : 

QA (1) 
^ t ; î S m h - M C ^ e e x p ^ l ^ 

l - _ ' ^ . + " f = . . ( M I C , .� + § ) + 

/ f e ^ s i n h - 1 ( c ^ è e x p ^ j 



Y I E L D STRESS A N D M E C H A N I C A L LOSS O F POLYCARBONATE 
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Figure 2 Loss tangent of polycarbonate versus température in the j3 transition range. The frequency varied from 0.63 
cps at the lovi/est températures to 0.48 cps at the highest (curve a) and from 3 cps to 2.2 cps (curve b). 

whe re at a n d CTC are the m e a s u r e d tensi le a n d 

c o m p r e s s i o n yield s t resses; at^, acj, a n d at^, ocfi 

a re t h e a a n d /3 c o n t r i b u t i o n s t o t h e tensi le a n d 

t o t h e compres s ion yield s t resses ; At„, Ac^, 

a n d Atfi, Ac^, C^ a re c o n s t a n t s a n d a n d 
a r e t h e ac t iva t ion énergies respect ively re la ted to 

t h e a. a n d the /S p rocesses ; T d é n o t e s a b s o i u t e 
t e m p é r a t u r e a n d R is t he un iversa l gas c o n s t a n t . 

T h e va lues of the p a r a m e t e r s were e s t i m a t e d 

f r o m t h e best fit of é q u a t i o n s 1 a n d 2 t o t h e d a t a 

p rev ious ly o b t a i n e d [5, 6 ] ; t h e y a r e reca l led in 
t ab l e I. 

TABLE I Constants of équations 1 and 2 for poly-
carbonate [5,6] 

a process ^ process 

= 75.5 kcal mole ' = 9.6 kcal mole"' 

c. = 2.40 X 10-" sec = 2.76 X 10-» sec 
= 4.35 X 10-" kg = 1.33 X 10- ' kg 

mm-'^. K - i 

= 5.70 X 10-» kg AQ^ , = 5.57 X 10 - ' kg 
. K - i 

E q u a t i o n s 1 a n d 2 were de r i ved f r o m the 
R e e - E y r i n g t h e o r y [3] a n d f r o m a yie ld c r i t e r ion 

prev ious ly es tabl ished [8, 9] . T h e d é r i v a t i o n 
relies o n t he fo l lowing a s s u m p t i o n s ; 1. b o t h 
p rocesses m o v e a t yield a t t he s a m e a v e r a g e ra te , 
t he stresses be ing addi t ive , 2. t h e yie ld c r i t e r ion 
is app l i ed separa te ly t o e a c h p rocess . 

T h e curves , expressed by é q u a t i o n s 1 a n d 2 , 

r ep resen t ing the v a r i a t i o n of t h e tensi le a n d 
c o m p r e s s i o n yield stresses wi th t e m p é r a t u r e a t 

c o n s t a n t s t r a in - ra t e (see fig. 1), a d m i t t w o 

a s y m p t o t e s w h i c h in tersec t a t two p o i n t s h a v i n g 
the s ame absc issa d e n o t e d as in t he f o l l o w i n g 

re la t ion : 

'�fi (3) 
R In 2Cf é 

F r o m é q u a t i o n s 2 a n d 3, fo r tests p e r f o r m e d 

at t he s a m e s t ra in - ra te , w e c a n wri te , f o r a first 

a p p r o x i m a t i o n , t h a t : 

d T 

a n d 

= 0 
dT 

Ac^ In ICjj = K = c o n s t a n t 

f o r T <T^ 

f o r r ; 
' f i 

(4) 

(5) 

The re fo re , pa i r s of va lues of t e m p é r a t u r e a n d 

s t ra in- ra te w h i c h sat isfy é q u a t i o n 3, r ep resen t t he 

/3 t r ans i t i on c o n d i t i o n s revealed by tensi le o r 
c o m p r e s s i o n yield stress m e a s u r e m e n t s w h e n a 
single ac t iva t ion energy Q^is cons ide red . 

F o r t h e c o n s t a n t s t r a in - ra t e c h o s e n he re a n d 
the values of t he c o n s t a n t s of é q u a t i o n 3 g iven 
in tab le I, was f o u n d t o e q u a l - 7 7 ° C . 

Le t us a s sume , n o w , t h a t t he m o l e c u l a r 
m o v e m e n t re la ted t o the /3 p roces s cons ide red in 
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the Ree -Eyr ing t h e o r y is t h e s ame as the one 
associa ted wi th the /3 m e c h a n i c a l loss p e a k . T h e 
ac t iva t ion énergies f o u n d in b o t h types of 

m e a s u r e m e n t s have s imi lar values (see é q u a t i o n 
24 a n d tab le I). 

Figure 3 Simple three-element model used to describe, for 
a flrst approximation, the mechanical behaviour of 
polycarbonate in the jS transition range. 

T h e r e sponse of a h i g h p o l y m e r t o f ree 
osci l la t ion to r s iona l tests , m a y be ca lcu la ted , fo r 

a first a p p r o x i m a t i o n , us ing the s imple three-

e lement m o d e l of fig. 3 ; w h e r e m e a n s a spr ing 

of h igh m o d u l u s r ep re sen t i ng t he elast ici ty when 

b o t h a a n d ^ p roces ses a re f r o z e n in, 
(GQ G^)/(G„ + G^) e q u a l s t h e shea r m o d u l u s 

w h e n p is comple t e ly f ree a n d a is comple t e ly 
f rozen in, a n d rj/j d é n o t e s the N e w t o n i a n 

viscosity of t he ^ p rocess . W e m a y a s s u m e t h a t 

G^^ Gg because t he loss t a n g e n t is very smal l 
c o m p a r e d to uni ty . Let tg 8 d é n o t e t he loss 

t angen t , its express ion is: 

tg8 = 
G„< 

G^ioj^ + O j / ) 

where œ a n d co^ a re t he r a d i a n f r e q u e n c y a n d the 

charac te r i s t ic r a d i a n f r e q u e n c y respect ively, 
w i t h : 

(7) 

T h e q u a n t i t y rj^ m a y be expressed as a 

f u n c t i o n of t e m p é r a t u r e u s ing Eyr ing ' s é q u a t i o n 

which gives N e w t o n i a n viscosi ty w h e n the stress 
is small : 

(8) 

where .4^ is a c o n s t a n t . 

Let us cons ide r t he va lue of t he cha rac te r i s t i c 
r ad i an f r e q u e n c y re la ted t o f ree osc i l la t ion 

to rs iona l tests c o n d u c t e d a t t he t e m p é r a t u r e 
def ined by é q u a t i o n 3. F r o m é q u a t i o n s 3, 6, 7 
and 8, we o b t a i n t he r e l a t i on be tween the 
f r equency a n d the s t r a i n - r a t e a t wh ic h the 
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t r ans i t i on of a j8 é lément hav ing a n ac t iva t ion 
energy equa l to Q^, occurs a t t e m p é r a t u r e T^: 

2 v'3 G. . 

(?) 
In o r d e r to i m p r o v e the a p p r o x i m a t i o n , we 

will cons ider , n o w , a d i s t r i bu t i on of ac t iva t ion 

énergies P ( g ) expressed by : 

P(Q)éQ = 1 (10) 

and whose ha l f -w id th value is deno ted as à Q. 

If one t akes in to a c c o u n t such a d i s t r i bu t i on , 

é q u a t i o n 4 b e c o m e s : 

(11) 

where QT d é n o t e s the ac t iva t ion ene rgy of an 

é lément whose t r ans i t i on occurs at t e m p é r a t u r e 

T. 

T h e p r o b l e m arises h o w the P {Q) f u n c t i o n 

is t o be ca lcula ted f r o m expé r imen ta l d a t a . W e 

p r o p o s e t o o b t a i n the shape of th is f u n c t i o n 

f r o m the m e a s u r e of t he loss t a n g e n t versus 
t e m p é r a t u r e in the /S t r ans i t ion range . U s i n g the 

concep t of a d i s t r i bu t i on of ac t i va t ion énergies , 

t he ex tens ion of the dé r iva t ion w h i c h led t o 

é q u a t i o n 6, g ives : 

tgh = 
'£ l e 

P(Q) 
i l . de (12) 

(6) E q u a t i o n s 7 a n d 8 imply t h a t : 

d g = - RTd ( Ino j^) (13) 

a n d then , a n a p p r o x i m a t i o n of first o r d e r of t he 

loss t angen t m a y be expressed by : 

7TG„RTP(Q) 
tg8 = 

2 G , 
(14) 

It resul ts f r o m é q u a t i o n 14 t h a t (tg 8)IT is 
p r o p o r t i o n a l t o t he d i s t r ibu t ion f u n c t i o n of t he 

ac t iva t ion énergies . F u r t h e r m o r e , é q u a t i o n 9 

impl ies t h a t : 

vT = vmax Tmax = c o n s t a n t ( 1 5) 
where v d é n o t e s the f r equency of the osc i l l a t ions 
a n d ;'max a n d Tmax c o r r e s p o n d to the m a x i m u m 
value of t h e {tg 8 (T))/T curve. 

There fo re , us ing the a p p r o x i m a t i o n t h a t t h e 
m a x i m u m of P (Q) may be expressed b y : 

it fo l iows f r o m é q u a t i o n s 9 a n d 14 t h a t : 

(16) 
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4 G„R 
(17) 

w h e r e (tg â)max is r e l a t e d t o t h e m a x i m u m v a l u e 

o f t h e (tg 8 {T))IT cuT\e. 

E q u a t i o n s 15 a n d 17 give a s a f u n c t i o n o f t, t h e 

f r e q u e n c y a t w h i c h t h e ^ t r a n s i t i o n o c c u r s a t t h e 

s a m e t e m p é r a t u r e in tens i le , c o m p r e s s i o n a n d 

d a m p i n g t e s t s f o r é l é m e n t s h a v i n g t h e s a m e 

a c t i v a t i o n e n e r g y . 

E q u a t i o n s 7, 8 a n d 15 i m p l y t h a t : 

QT 

RT 
= c o n s t a n t (18) 

w h i c h m e a n s t h a t t h e /3 t r a n s i t i o n o f a n é l é m e n t 

h a v i n g a n a c t i v a t i o n e n e r g y e q u a l t o QT, o c c u r s 

a t a t e m p é r a t u r e T p r o p o r t i o n a l t o QT- T h e n 

f r o m é q u a t i o n 18, it is pos s ib l e t o e x p r e s s t h e 

q u a n t i t y z l g a s a f u n c t i o n of AT, t h e h a l f - w i d t h 

v a l u e o f t h e (tg 8 (T))/T cune, b y : 

AT 

AQ = ^ma : (19) 

w h e r e Tmax a n d Qm&\ a r e t h e t e m p é r a t u r e a n d 

t h e a c t i v a t i o n e n e r g y c o r r e s p o n d i n g t o t h e 

m a x i m u m of t h e {tg 8 {T))IT c u r v e . 

So , p r o v i d e d é q u a t i o n s 15 a n d 17 a r e sa t i s f ied , 

w h e r e ail t h e p a r a m e t e r s c a n be c o m p u t e d f r o m 

t h e d a t a h è r e r e p o r t e d ( excep t GQ w h i c h is t a k e n 

f r o m t h e l i t e r a t u r e ) , we c a n exp re s s P (Q) a s a 

f u n c t i o n of tg 8 (T). I t t h e n f o l l o w s f r o m 

é q u a t i o n s 11 a n d 14 t h a t : 

8 T 
= K 

tg s (T) 
dT 

tg 8 (T) 
(20) 

d r 
J o T 

E q u a t i o n 2 0 a l l o w s t o s t a t e t h a t t h e d o u b l e 

i n t é g r a l 

tg 8 (T) r 00 r 00 

JT JT 

dT^ 

w h i c h c a n b e c o m p u t e d f r o m t h e /3 p e a k is 

p r o p o r t i o n a l t o t h e j8 c o n t r i b u t i o n t o t h e tens i le 

o r c o m p r e s s i o n y ie ld s t ress . T h i s c o n s é q u e n c e o f 

t h e p r o p o s e d m e c h a n i s m of y ie ld d é f o r m a t i o n 

m a y be e x p r e s s e d f r o m é q u a t i o n s 1, 2 a n d 20, b y 

w r i t i n g : 

tg 8 (T) 
ĉ t (T) = a t , (T) + 

a n d 

r 00 r c 

^' JT Jî 
d r ^ 

Ce 

tg 8 (7-) 
(T) = <Te, (7-) + 5e j j j j dT^ 

(21a) 

w h e r e Bt a n d Bc a r e c o n s t a n t s . 

W e will t ry t o c h e c k t h e va l id i ty o f t h è s e l a s t 

r e l a t i ons . 

4. R e s u l t s 

4.1. Evaluation of 

F r o m é q u a t i o n s 1 a n d 2 a n d f r o m E y r i n g ' s 

é q u a t i o n a p p l i e d t o t he p c o n t r i b u t i o n t o t h e 

s h e a r y ie ld s t ress T^, we o b t a i n t h e f o U o w i n g 

r e l a t i o n : 

At Ac 
II 
A, 

(22) 

O n the o t h e r h a n d , t h e y ie ld c r i t e r i o n a p p l i e d 

t o t h e /3 p roces s gives a n o t h e r r e l a t i o n b e t w e e n 

a t ^ , (Tey? a n d T^ , i . e . : 

�̂ o/î + H-fiP/s = -3^ ( v'2 + M/î) = 

V2 - /̂ )̂ J 
(22a) 

w h e r e T„^ a n d d é n o t e t h e j8 c o n t r i b u t i o n t o 

t h e o c t a h e d r a l s h e a r y ie ld s t ress a n d t o t h e 

h y d r o s t a t i c s t ress respec t ive ly a n d is a c o n -

s t a n t . 

T h e n , f r o m é q u a t i o n s 2 2 a n d 22a , u s i n g t h e 

v a l u e s of At^ a n d Ac^ g iven in t a b l e I, w e find 

t h e f o U o w i n g v a l u e f o r A^: 

' '^^^Mî)^ � (23) 
1.24 X l O - ' k g m m - ^ K " ' 

A s Acfi a n d At^ a r e e v a l u a t e d f r o m t h e 

e n g i n e e r i n g yield s t resses , t h e r e r e su l t s a n e r r o r 

in t h e c o n s t a n t A ^ w h i c h a r i s e s f r o m f a i l u r e t o 

t a k e e las t ic d é f o r m a t i o n p r i o r t o y i e l d i n g i n t o 

a c c o u n t . T h i s e r r o r w a s e v a l u a t e d u s i n g t h e 

t r e a t m e n t g iven p r ev ious ly [6] a n d w a s f o u n d t o 

r e a c h less t h a n 4 % ; t h e r e f o r e it m a y b e n e g l e c t e d 

h e r e a c c o r d i n g t o t h e a p p r o x i m a t i o n s d o n e . 

4.2. Evaluation of 

ô m a x is eva lua t ed f r o m t h e d a t a o f fig. 2 a n d t h e 

A r r h e n i u s r e l a t i on . T h e f o U o w i n g v a l u e is 

f o u n d 

ômax = 9.6 k c a l m o l - i (24) 

(21) 4.3. Evaluation of v, 

T h e q u a n t i t y vmax is c a l c u l a t e d f r o m é q u a t i o n 17 
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u s i n g t h e fo l lowing values of t he c o n s t a n t s : 

Go = 230 kg m m - 2 (25) 

T h i s va lue is t a k e n f r o m the l i t e ra tu re [1] ; as 

Go m e a n s t h e m a x i m u m va lue r e a c h e d by the 

s h e a r m o d u l u s a t low t e m p é r a t u r e , it is expec ted 

t o be i n d e p e n d e n t of mater ia l d i f fé rences a n d of 

f r e q u e n c y . 

(tg S)max is a s s u m e d to be near ly e q u a l t o t he 

m a x i m u m of t he loss t angen t . Th i s l a s t q u a n t i t y 

d o e s n o t c h a n g e significantly wi th t h e f r e q u e n c y 

w i th in a n a r r o w range . A f t e r s u b t r a c t i o n of t he 

b a c k g r o u n d , whose level is e s t i m a t e d o n the 

g r a p h to r e a c h 5 x 1 0 - ^ t he fo l l owing va lue is 

t a k e n , f o r a first a p p r o x i m a t i o n : 

(tg S)max = 3.2 X 10-=' (26) 

àQ is g iven by é q u a t i o n 19, w h e r e AT is 

o b t a i n e d by i t é r a t ion f r o m the d a t a . A s a first 

a p p r o x i m a t i o n , we have a s s u m e d t h a t T̂ max ' 

= — 7 7 ° C = 1 9 6 K , a n d we h a v e t a k e n 

J r t h e ha l f -w id th value of t he loss t a n g e n t p e a k 

m e a s u r e d as a f u n c t i o n of t e m p é r a t u r e a t a b o u t 

1 cps . W h e n the b a c k g r o u n d is s u b t r a c t e d f r o m 

the ^ loss p e a k , we have f o u n d f r o m the d a t a of 

fig. 2, t h a t 

J r = 8 0 ° C (27) 

T h e n f r o m é q u a t i o n s 17, 19, 23, 24, 25, 26, 27 

a n d 6 = 4 .16 x 1 0 ~ ' s e c ~ S a first a p p r o x i m a -

t i o n is ca l cu la t ed f o r vmax: 

vmax = 10.7 cps (28) 

I n o rde r t o o b t a i n a be t t e r a p p r o x i m a t i o n , t h e 
(tg 8 (T))IT cu rve re la ted t o t he value , é q u a t i o n 
28, of vmax, is t h e n gene ra t ed f r o m the d a t a of 

fig. 2 us ing the A r r h e n i u s r e l a t ion . F r o m th i s 
curve we got t he fo l lowing va lues of the c o n -

s t a n t s : 

J r = 9 0 ° C (29) 

Tmax = - 8 0 ° C = 1 9 3 K (30) 

(^^S)max = 3.1 x 10-2 (31) 

Pu t t ing thèse last va lues in é q u a t i o n 17, we 

f o u n d : 

Vmax = 9 . 5 c p s ( 3 0 ) 

4.4. Détermination of the (tg 8(T))jT Curve 

related to v^,, = 9.5 c p s 

T h e jS loss p e a k related t o vmax = 9.5 cps m a y b e 

genera ted f r o m the d a t a of fig. 2. T h e resu l t ing 

curve, f r o m w h i c h the b a c k g r o u n d has been 

sub t rac ted , is t h e n cor rec ted in o r d e r to t ake in to 

a c c o u n t é q u a t i o n 15. I n fig. 4 we give the p lo t of 

(tg8(T})/T d e d u c e d f r o m the ex t r apo la t ed 

p e a k . It is seen o n the g r a p h t h a t t h e ha l f -w id th 

va lue of the curve , t h e t e m p é r a t u r e a n d t h e 

va lue of the loss t a n g e n t r e l a t ed t o t h e m a x i m u m 

of the curve qu i t e agrée w i t h é q u a t i o n s 29, 30 

a n d 31 respectively. M o r e o v e r t he va lue of 

Tmax is near ly e q u a l t o t he va lue of de te r -

m i n e d f r o m é q u a t i o n 3, w h i c h was deduced f r o m 

the compres s ion a n d tensi le yield stress curves . 

In fig. 4 we h a v e a lso p l o t t e d the d o u b l e 

Vmax = 9-5 cps 

�+50 T'C 

Figure4 (3 contribution to the (/g 5 ( r ) ) / r curve and double intégral of (/g S(n)/7 ' f rom r t o oo. 
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in tégra l of (tg S (r))/r i n t eg ra t ed f r o m T t o oo. 

4.5. Corrélation between the Compression 

Yield Stress Curve and the Curve giving 

(tg 8{T))IT 

T h e d é t e r m i n a t i o n of the cu rve expressed by 
é q u a t i o n 21 w a s d o n c as fo l lows 
1. T h e curve giving CTC^ as a f u n c t i o n o f t e m p é r a -

t u r e a t c o n s t a n t s t r a in - ra te is a s s u m e d t o be a 

s t r a igh t l ine a n d is e x t r a p o l a t e d f r o m the 

c o m p r e s s i o n d a t a o b t a i n e d a t t e m p é r a t u r e s 
b e t w e e n - 50 a n d + 1 2 0 ° C w h e r e é q u a t i o n 5 is 
va l id . 

2. T h e value of the c o n s t a n t is c h o s e n t o o b t a i n 

t h e best fit of the c o m p u t e d cu rve t o t h e d a t a . 

Resu l t s a r e given in fig. 5 whe re it is seen t h a t 

t he accu racy of the fit is qu i t e g o o d a n d be t t e r 
t h a n in fig. 1. 

Obv ious ly , the s a m e t r e a t m e n t m a y be 
f o l l o w e d to genera te , f r o m the ^ p e a k , t he cu rve 

g iv ing the tensile yield stress as a f u n c t i o n of 

t e m p é r a t u r e a t c o n s t a n t s t r a in - ra t e , b u t t he 

theo re t i ca l curve so ca lcu la ted , a n d t h e o n e 
c o m p u t e d f r o m é q u a t i o n 1 a r e very close 

toge the r . B o t h curves fit t he d a t a f a i r ly well. 

T h e r e f o r e , in the case of tensi le tests , t h e t r ea t -
m e n t p r o p o s e d here , a l t h o u g h it d o e s n o t give a 

m o r e accura t e fit t h a n t h e R e e - E y r i n g t h eo ry , is 
m o r e in teres t ing because it p rov ides a d i s t r ibu -
t i on of t he ac t iva t ion énerg ies in t he /S t r a n s i t i o n 

range . 

5. C o n c l u s i o n s 

A yield m e c h a n i s m , re ly ing o n t h e fo l lowing 

a s s u m p t i o n s , is p r o p o s e d f o r p o l y c a r b o n a t e . 

1. T w o ac t iva ted flow processes , a a n d ^ , 

m o v i n g a t the s a m e r a t e , a r e involved in t he 

d é f o r m a t i o n a t yield. 
2. T h e /S yield p rocess a n d t h e |3 p e a k revea led by 

osci l la tory m e a s u r e m e n t s , ar ise f r o m the s a m e 

molecu la r m o v e m e n t s . 
This hypo the t i ca l yield m e c h a n i s m impl ies t h e 

fo l lowing conséquences . 
(a) T h e s tudy of t he yield s t ress over a wide r a n g e 

of t e m p é r a t u r e s a n d s t r a in - r a t e s m u s t reveal t he 

/3 t r ans i t ion . 
(b) T h e ac t iva t ion énergies respect ively associ-

a t ed wi th the |3 yield p roces s a n d the j8 loss p e a k 

m u s t be equal . 
(c) If t he p t r ans i t ion , r evea led by yield measu re -
men t s , is loca ted a t t e m p é r a t u r e a n d s t ra in-
ra te €, the re m u s t exist a r e l a t i on be tween e a n d 

the f r equency a t w h i c h t h e j8 loss p e a k occurs a t 

t e m p é r a t u r e T^. 

25 

20 

15 

- 150 - 100 50 + 50 + 100 + 150 

Figure 5 Plot of the compression yield stress versus température at constant strain-rate. The data are the 
same as in fig. 1, but the curve Is generated from équation 21. 
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(d) T h e b roadnes s a n d the s h a p e of t he ^ loss 
p e a k m a y be assoc ia ted w i t h a d i s t r i bu t ion 
f u n c t i o n of the /S ac t iva t ion énergies . 
(e) T h e ^ c o n t r i b u t i o n t o t he yield s t ress curve, 
g iving the yield stress versus t e m p é r a t u r e a t 
c o n s t a n t s t ra in-ra te , m a y be c o m p u t e d f r o m the 
j8 p e a k measu red as a f u n c t i o n of t e m p é r a t u r e a t 

the co r r e spond ing f r equency . 

Ail thèse conséquences a r e c h e c k e d h e r e ; the 

qu i t e g o o d accuracy of t he fit c o n f i r m s t h a t the 
p r o p o s e d t r ea tmen t l inked wi th t he Ree -Eyr ing 

theory , is ab le to descr ibe t h e yield b e h a v i o u r of 

p o l y c a r b o n a t e over a wide r a n g e of expé r imen ta l 

cond i t i ons , in tensile a n d in uniax ia l c o m p r e s s i o n 

tests . 
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