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A M0di;fied Balance- Type Stress Relaxation Apparatus for  
Chemical Relaxation Under Liquid Phase 

synopsis 

A relatively simple and inexpensive automatic apparatus for chemical relaxation giv- 
ing good accuracy has been developed for measurement of chemical relaxation in the 
gaseous phase in high polymers. The apparatus is based on a previously described bal- 
ance-type stress relaxation apparatus intended for automatic operation. 

The elastoviscous properties of high polymers pose a problem of considerable interest. 
In studies of the elastoviscous behavior of high polymers, decay of stress at constant ex- 
tension is a very simple and fundamental rheological experiment. An apparatus which 
measures this stress relaxation is valuable for studying the mechanism of network break- 
down and chemorheology in high poIymer~.~-~ 

A simple device for this purpose, wherein an extended-ring test piece of high polymer 
was held under solution, was described by Nisizawa.6 Nisiaawa’s apparatus for meae 
urement of stress relaxation in which the sample is held under solution 90 that chemical 
relaxation does not contribute to the various chemical relaxations has been somewhat 
modified to render it more versatile and convenient in use; the latest form is described 
below. 

A constant-temperature vessel of this apparatus has been constructed in which a cap 
floats on mercury in a gutter on the top of the constant-temperature vessel. From this 
apparatus a complete stress relaxation curve of high accuracy under various gaseous 
phases can be constructed. 

Conshetion and Procedure of Stress Relaxation Apparatus 

Samples for examination in this apparatus take the form of a ring. The ring samples 
(7.0-cm. O.D., 6.0-cm. I.D.) was died out of cured sheet 0.05 to 0.10 cm. in thickness. 
It was stretched between two stainless steel pulleys A and B. The diameter of the pul- 
leys is 1.0 cm. The upper pulley A is free to rotate on the bend rod C hanging from the 
beam D. A cap M floating on mercury in the gutter N on the top of the constant- 
temperature vessel is rigidly fastened to the bend rod C. The lower pulley B is also free 
to rotate on the reverse U-rod which is rigidly fastened to the vertically movable clamp 
F. Also, a cap 0 floating on mercury in the gutter P on top of the constant-temperature 
vessel is rigidly fastened to the reverse U-rod E. The elongation chosen can be varied 
from 0 to 250% by setting the clamp F in the proper position. Higher elongations can 
be obtained by use of a ring sample of smaller diameter. The reverse U-rod E extended 
downward from the top of the constant-temperature vessel which is filled with solution 
or gaseous phase can be manipulated from outside. Thus, samples can be supported 
over the pulleys and can come to the desired temperature; they are then quickly brought 
to the desired elongation by pushing the clamp F onto the collar G which is previously 
set in the desired position. 

The fulcrum of the balance consists of stationary agate v-blocks in which a hardened 
steel edge is held to the beam. The adjusting screws H is adjustable so that the beam 
can be balanced with the chainomatic weight I a t  each end of the beam. The chaiio- 
matic weight I is automatically controlled (J,K). The finest division of the dial L which 
winds up the chainomatic weight is 0.1 g., but it can be read to within 0.01 g. The maxi- 
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Fig. 1. Schematic diagram of stress relaxation apparatus. 

Fig. 2. Stress relaxation curve. 

mum vertical motion of each end of the beam is 0.05 cm., which corresponds to an elong- 
ation of 0.5% based on the unstretched length of the band. A set of electrical indicators 
J is mounted on the column M so that the chaiiomatic weight is wound up the motor of 
the dial when the right end of the beam drops. An indication of the dial was taken as the 
balance against stress extended by the test piece band. The initial length of the test 
piece band was taken as the average circumference of the ring. 

Very smooth stress relaxation curves have been obtained using this apparatus. 
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