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Table 1  Polymers employed in this work
Polymers M, x10 73 PD* =M /M, 1o X 107" (Pa-s)
HDPES8 580 10 526°
HDPE34 340 4 23°¢
HDPES 50 3 0.86°

“Determined by gel permeation chrommatograph ( GPC) ; " Determined by fitting the complex viscosity data via Cross model, 5 (w) = n,/[1 +

(Aw)"]; ° The rheological properties were measured at 160°C
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A schematic representation of the generation of the sample and the interface for rheological tests

((1), (2), (3) and (4) are the four steps of the sample loading. )
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Fig. 2 The thermal stability of the polymers at 160°C

Only the data obtained at w =0. 05 Hz are presented here.
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Fig. 3 Rheological probing of the interdiffusion
process: (a) normalized complex modulus growth
curves ( The solid lines are the fitting curves of the
experimental data by equation (1), the dashed lines
represent the measured values of the corresponding
polymer blends with @ =0.005 Hz, gap = 1500 pm
and temperature = 160°C ) ; (b) 3D plot of rheological
signals of HL642 probed at different frequencies ( Data

points are obtained by the fitting function. )
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Fig. 4 Time dependent behavior of (a) the absolute increment
of the normalized complex modulus and (b) the differential of

the normalized complex modulus with respect to time
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Fig. 5 Frequency dependent behavior of the interdiffusion

coefficient obtained by equation (7) in the case of o =1/2
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A RHEOLOGICAL STUDY ON THE CHAIN
INTERDIFFUSION OF MISCIBLE POLYMER MELTS

Ao-Shuang Yang, Yu Wang, Zheng-Ying Liu, Wei Yang, Bang-Hu Xie, Ming-Bo Yang
( College of Polymer Science and Engineering , State Key Laboratory of Polymer Materials Engineering ,
Sichuan University, Chengdu 610065 )

Abstract A sandwich-like sample configuration of three polymer layers was designed and used for rheological
probing of the chain interdiffusion of two miscible polydisperse polymers in the melt state. It was found that the
interdiffusion process can be probed by the growth of the rheological responses with time as long as the polymer
pair constituting the interface has an adequate difference in rheological properties and is miscible. To
understand the rheological signal of the interdiffusion process,a phenomenal rheological model combined with a
fitted model for the experimental data was proposed. With the two models, two important model parameters
concerning the interdiffusion dynamics were discussed. The results show that the interdiffusion process can be
probed by rheological properties and the dynamics of inter diffusion is greatly affected by the difference in the
molecular weight between the polymer pair. The first parameter, the exponent o for the time dependent behavior
of the interpenetration distance,was found to be larger than the typical value of 1/2,which is ascribed to the
dynamic dilution process as proposed in tube theories. While, by the other parameter, the characteristic time ¢_,
the interdiffusion coefficient can be estimated. It is noted that these two parameters were found to be frequency-
dependent,which can be mainly ascribed to the polydispersity of the molecular weight. Finally, the results
indicate that the fast-mode model is reasonable for the understanding of the interdiffusion process.

Keywords Interdiffusion, Rheological responses, Frequency dependent behavior, Polymer melt



