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Fig. 1 Jamming phase diagram for attractive colloidal particles
The unjamming transition occurs at high temperature, low
packing density and large stress'®). ( Copyright Nature

Publishing Group)
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Fig. 2 Shear flow. Schematics comparing shear-induced flow in a granular material

(left) and a glassy polymer (right) '®) ( Copyright the American Association for the

Advancement of Science)
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Fig. 3 (a) Solid state ' H-NMR spectra of isotopic blends

of PS recovered by freeze-drying PS/benzene solutions. The
concentrations of the original solutions were indicated near
each spectrum. Inset up left was the NMR pulse
sequence. ') (Copyright the American Chemical Society) ;
(b) Polystyrene samples freeze-dried from dilute (left) to
concentrated (right) solutions. The weight is 0.1 g each.
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Fig. 4 (a) Mechanical modulus versus applied pressures

b

for PS cold-pressed at 16°C ( the rectangle points) and at
—-27%C (the diamond points) , respectively. The red line
represents the average modulus for hot-pressed samples at
T, + 55°C; (b) Photos of PS powders and cold-pressed
sheets. Sample rl and r2 refer to PS freeze-dried from

concentrated and dilute solutions.

Unjammed

1 1 1
50 100 150 200
a

Fig. 5 Unjamming transition for PS samples of high and
low densities. The blue and cyan lines are due to PS with
large (12) and close (rl) inter-segmental proximities,
respectively

For r1, it didn’ t go through the unjammed region under
both low and large stress, so it looks fragile; while for r2,
if the stress is large enough, it would across the unjammed
zone and behavior as been processed when melting. So the

storage modulus increased
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UNJAMMING TRANSITION AND COLD FLOW OF POLYMER CHAINS

TENG Chao, XUE Gi

( Department of Polymer Science and Engineering, Nanjing National Laboratory of Microstructure, Nanjing University, Nanjing 210093)

Abstract  Jamming occurs when a system develops a yield stress behaves as a solid in a
disordered state, and it governs the transition behavior of foams, emulsions, colloidal suspensions, pastes,
granular media and molecular glasses. For polymer glasses, when the interchain proximity was enlarged, the
weak interaction between polymer chains was decreased, and these loosely packed chains can flow solely by
applying pressure at temperature 132 degrees below their calorimetric glass transition temperature, T, , which
means T, decreased to a great extent in this progress. This phenomenon is connected to the concept
“jamming” , which suggests the generality of an idea that one can take polymer glasses through solid-to-liquid
transition by thermalization , through temperature ,or by a load. It is expected within the jamming picture that we
could process polymers at lower temperature or even at room temperature.

Keywords Unjamming transition, Cold flow, Polymer processing, Glass transition





