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1. Introduction

Polymers such as polyethylene, polystyrene
and polyurethane, because of their excellent
moldability and inexpensiveness, have widely been
used as an indispensable material for various
industrial products such as aircrafts, automobiles as
well as daily necessities. In general, the mechanical
properties of polymers strongly depend on the
orientation of polymer chain that is also related to
its manufacturing process. Therefore, there are
increasing  demands for measuring and
characterizing the properties and conditions of
polymer resin during solidification process, to
assure the quality and reliability of polymer
products. In particular, a noninvasive technique for
monitoring such molten polymer is greatly desired
for some practical application in industries as well
as academic fields. However, there have been little
technique to meet such requirements.

Ultrasound is considered to be a potencial
candidate for such monitoring of molten polymer
because of its capability to probe the interior of
materials and its high sensitivity to material
properties. The advantages of using ultrasonic
measurement method, such as non-invasiveness,
faster time response and safety are also quite
attractive for engineering applications. In our
previous works, we have developed ultrasonic
buffer rod as an effective ultrasonic measurement
means for high temperature materials to which
conventional ultrasonic transducers cannot be easily
applied [1-8]. Such ultrasonic buffer rods were also
successfully applied to several materials and
process monitoring at high temperatures. In this
work, a polygonal buffer rod has been applied to
molten polymer to measure the variations in the
ultrasonic velocity and attenuation of the solid and
liquid phases. In addition the behaviour of the
solid/liquid interface during solidification process
of molten polymer is examined.

2. Experiment

Ultrasonic pulse-echo measurements are
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applied to molten polymer monitoring during
cooling process. Figure 1 shows the schematic
diagram of experimental set up for the ultrasonic
measurement of molten polymer resin. A low
density polyethylene (LDPE) is employed as a
polymer specimen. The polymer is first melted in a
container whose bottom is heated by an electric
heater and then the same bottom is considerably
cooled by water so that the molten polymer could
gradually be solidified. It is expected that
unidirectional solidification will occur owing to the
bottom cooling. In the ultrasonic measurements, a
heptagonal taper buffer rod [9, 10] made of
polyimide that effectively reduces trailing echoes
accompanying with the main pulse echo and
provides appropriate measurements with high signal
to noise S/N ratio, is employed. A 1 MHz
piezoelectric transducer for longitudinal wave is
installed on the top of the buffer rod. The buffer rod
is immersed into the molten polymer and ultrasonic
pulse echoes are continuously acquired every 2 ms
with a PC-based real-time acquisition system. The
sampling rate for the ultrasonic signal acquisition is
100 MHz. Spurious fluctuation in the ultrasonic
signal due to electrical noise in the measurements is
reduced by taking the average of 100 times signals.
It is noted that the polyimide buffer rod provides a
better acoustic impedance matching between the
rod and LDPE. Five sheath thermocouples are
inserted into the upper and bottom portions of the
LDPE to measure the temperature distribution in
the ultrasonic propagation region.
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Fig. 1 Schematic diagram of the experimental set up
used for molten polymer measurements.
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3. Results

Figure 2 shows ultrasonic pulse echoes
measured before and after the immersion of the tip
of the buffer rod into the molten LDPE at
temperature around 470 K. When the rod tip is
immersed into the molten LDPE, a series of clear
echoes from the bottom of the container can be
successfully obtained. The cross-correlation method
is applied to the two bottom echoes, A; and A,, to
determine the longitudinal wave velocity of the
LDPE. The attenuation coefficient of the LDPE is
also determined from the bottom echoes. Figure 3
shows the temperature dependences of the velocity
and attenuation coefficient of the LDPE. It has been
found that the velocity in solid state decreases
significantly with temperature rise, whereas it
decreases slightly in liquid state. The attenuation
also shows a strong temperature dependence.

Figure 4 shows the variation in the measured
pulse echoes with elapsed time when the bottom
surface of the molten LDPE is being cooled by
water. It can be seen that a small echo from a
solid-liquid interface is observed at each time step
and such echo moves to the left-hand side because
of the growing of solidification interface. Thus, it
has been demonstrated that the present ultrasonic
buffer rod could be a useful tool to monitor the
molten polymer during heating and cooling

processes.
Acknowledgment
This work was supported by JSPS

KAKENHI (Grant-in-Aid for Scientific Research
(B), 16H04507). Financial support from TOPPAN
PRINTING CO., LTD. is also greatly appreciated.

References

1. I Ihara, C.-K. Jen, and D. R. Franga: Review of
Scientific Instruments 71 (2000) 3579.

2. N. Legros, C.-K. Jen, and I. Thara: Ultrasonics
37 (1999) 291.

3. A-U. Rehman, C-K. Jen and 1. Ihara:
Measurement Science and Technology 12 (2001)
306.

4. C.-K. Jen, D.R. Franga, Z. Sun and 1. Ihara:
Ultrasonics 39 (2001) 81.

5. D. Ramos Franca, I. lhara, and C-K. Jen:
Acoustic Imaging 26 (Kluwer Academic/Plenum
Publishers) (2001) 443.

6. 1. Thara, C-K. Jen, and D. Ramos Franca:
Advances in Technology of Materials and
Materials Processing Journal 3 (2001) 45.

7. 1. Ihara, H. Aso, and D. Burhan: JSME
International Journal 47 (2004) 280.

8. D. Burhan, 1. Ihara, and Y. Seda: Materials
Transactions 46 (2005) 2107.

29-31 October, 2018

9. I. Ihara, and M. Kawasaki:
8272270 (2012).

10.F. Foudzi and lkuo lhara: Journal of Physics:
Conference Series 520 (2014) 012025.

U. S. Patent,

Aai r Rod end echo
R
=
= : 4 ‘ "
=,’ Before
'g immersion Bottom echoes
~ (—l—)
2 A A
= R 1
E | A
E | fr—t—e—a
= After ‘ I" !
< immersion At
<—>

0 50 100 150
Transit time (ps)

Fig. 2 Ultrasonic pulse echoes before immersion into
molten LDPE (upper) and after immersion (lower).
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Fig. 3 Temperature dependences of the ultrasonic
velocity and attenuation coefficient of the LDPE.
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Fig. 4 Variation of the measured interface echo with
elapsed time during unidirectional solidification process.



