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PREFACE

This collection presents to the reader a broad spectrum of chapters in
the various branches of industrial chemistry, biochemistry, and materials
science which demonstrate key developments in these rapidly changing
fields.

This book offers a valuable overview and myriad details on current
chemical processes, products, and practices. The book serves a spectrum
of individuals, from those who are directly involved in the chemical in-
dustry to others in related industries and activities. It provides not only the
underlying science and technology for important industry sectors, but also
broad coverage of critical supporting topics.

This new book:

is a collection of chapters that highlight some important areas
of current interest in industrial chemistry, biochemistry, and
materials science

focuses on topics with more advanced methods

emphasizes precise mathematical development and actual ex-
perimental details

analyzes theories to formulate and prove the physicochemical
principles

provides an up-to-date and thorough exposition of the present
state-of-the-art complex materials

familiarizes the reader with new aspects of the techniques used
in the examination of polymers, including chemical, physico-
chemical, and purely physical methods of examination
describes the types of techniques now available to the chemist
and technician and discusses their capabilities, limitations, and
applications
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2 Chemical Technology

1.1 INTRODUCTION

Wide application of polymeric foamed materials, based on the polyole-
fin’s, explained by their mechanical, insulating, and operational proper-
ties. Foamed polypropylene (PP) is widely used material in numerous
applications. Foamed PP products are highly demanded in automobile pro-
duction, construction; some of them are used as a cushioning materials and
weight reducers in complex structures. There are some practically used
manufacturing technologies to produce foamed PP. But all of them have
some general disadvantages. All of them are very complex and, hence,
this technologies are expensive, making PP foam more costly them other
foamed polyolefins. Frequently, foaming of PP requires the use of specific
blowing agents, specific types of polymer, and special process conditions
[1].

Analysis of the literature data has shown that significant impact on
technological and operational properties of the polymer products-renders
ultrasonic treatment during their production [2—4]. With the changes oc-
curring in polymers under sonication, we assume that using of ultrasonic
irradiation may be promising for the foaming processes. Moreover, we
presuppose that ultrasonic treatment during extrusion of polymer foam
can change structure (size of cells, cells distribution in the material vol-
ume) of foamed PP and by that change bulk density of foamed materials.

1.2 EXPERIMENTAL PART

Russian PP grade 21020, azodicarbonamide and Hydrocerol BM 70, as
blowing agent, have been chosen for foaming. Usually, specially designed
PP grades are used for foaming processes. All of them have high branching
and long side chains of their macromolecules. It is considered that such
polymer structure provides high melt strength (HMS) of this PP grades
(over six times higher than traditional PP grades). We thought it best to use
Russian PP grades, to illustrate the benefits of the use of ultrasound in the
foaming process. Therefore, we chose a PP grade with the same rheologi-
cal characteristics as special grades with HMS (melt flow index of used
PP =2 g/10 min).

The blowing agent, Hydrocerol BM 70, is injected in amounts from
0.1 wt % to 1.5 wt % of the composition. According to current technology
chemical blowing agents on the basic of azodicarbonamides injects into
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composition in quantity 0.5 wt %—1 wt %, and 5 wt %. We assumed that
the use of ultrasound in the extrusion process can improve the gassing in
the polymer matrix. So, we decided to decrease the concentration of the
blowing agent to 0.1 wt %.

Prerequisite for such solutions were previously conducted experiments
in which we observed a significant reduction in the melt viscosity of PP,
which was measured directly during the extrusion process. It is suggested
in literature date, that significant pressure changes may occur in these ar-
eas. Moreover, a significant increase in temperature can take place in the
zones of small volume. We assumed that these zones, arising from the
inhomogeneity of the melt, may play a role of nucleators. The sharp reduc-
tion in pressure in these areas will promote growth of gas bubbles.

Selection of blowing agent explains that it is easy to blend them with
polymer, and also temperature decomposition range of azodicarbonamide
corresponds to the processing temperature of PP. Azodicarbonamide de-
composes with allocation of of nitrogen at the temperature about 170°C.

Hydrocerol BM 70 is a chemical substance that decomposes or reacts
by the influence of heat. This is chemical, endothermic foaming agent. To
achieve an optimum gas yield, a processing temperature of at least 180°C
is suggested.

At the present time double-screw extruder and single-screw extrud-
ers with specific construction of screw are used for production of foamed
materials. Double-screw extruders provide a better homogenization of the
polymer melt then other types of equipment. They provide a more uniform
distribution of blowing agent and nucleator in the volume of polymer dur-
ing foaming processes. Based on the analysis of modern equipment for PP
foaming, it was decided to create two special laboratory installations.

One of them is made on the basis of the double-screw extruder, with
screws diameter 20 mm. It is used for obtaining of stands and cylindrical
pellets. An installation includes pressure sensor, unit of ultrasonic pro-
cessing, extrusion die (for one or two stands formation), bath for stands
cooling, pulling device, and granulator. Azodicarbonamide is used as a
blowing agent. Maximum productivity of installation is 8 kg/h.

Unit of ultrasonic processing is a bundle of ultrasonic vibration gen-
erator (oscillation frequency 22 kHz and capacity 1.5 kW), magnetostric-
tive vibration transducer, titanium sonotrode, and melt treatment chamber,
which is attached to the outlet flange of the extruder. At the output of the
camera is set strand die.
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The second installation is made using the single-screw extruder, with
barrier screw, screw diameter 12 mm. Hydrocerol BM-70 is used as a
blowing agent. Maximum productivity of installation is 1.5 kg/h. An in-
stallation includes: pressure sensor, unit of ultrasonic processing and a set
of capillaries for rheological studies directly during extrusion. The kit of
ultrasonic unit includes an ultrasonic generator (oscillation frequency 22
kHz and capacity 300 W), piezoceramic vibration transducer, and titanium
sonotrode. At the output of the camera is set slit die (width 100 mm). A
system of rolls with air cooling is used for receiving of flat film. Thus, on
the installation with a single-screw extruder, a strand can be obtained as
well as the film material. Appearance of installations is shown in Figure
(1.1a, b).

(@) )

FIGURE 1.1 Appearance of laboratory extrusion systems based on: (a) Double-screw
extruder and (b) single-screw extruder.

The sonication of the polymer melt was carried out directly in the ex-
truder under laboratory conditions by using apparatus for ultrasonic treat-
ment. Without ultrasonic, ultrasound block was not dismantled, to provide
constancy of process conditions.

Ultrasonic apparatus for processing the polymer melt represents a
complicated system of blocks and elements consisting of transducer of
electrical oscillations, system for concentrating of ultrasonic vibrations,
instrument for input of ultrasonic vibrations, ultrasonic vibration genera-
tor, system of control, and automation.



